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ECLOGITE FROM THE CALIFORNIA 
GLAUCOPHANE SCHISTS* 

GEORGE SWITZER. 


ABSTRACT. One of the varied rock types making up the California 
glaucophane schists is true eclogite, corresponding to typical eclogite in 
mineral composition, chemical composition, texture, and specific gravity. 
The California glaucophape schists, and therefore the eclogite, were formed 
under conditions of moderate temperature and pressure, by hydrothermal 
contact metamorphism The California eclogite is thus a mode of occur- 
rence of this rock of a different type from those previously recognized by 
most writers. 


INTHODTICTION. 

I T was first suggested by Ransome (1894) that the glauco- 
phane schists of the California Coast Ranges were formed 
along the periphery of intrusive serpentine bodies, from rocks 
of the Franciscan formation, by contact metamorphism. Sev- 
eral papers by other investigators give evidence to support the 
theory of a contact metamorphic origin for these unusual rocks. 
The most recent paper on this subject is that of Taliaferro 
(1942), in which is given a detailed account of the occurrence 
and mode of formation of the glaucophane schists. There now 
seems little doubt that contact metamorphism brought about 
by serpentine intrusives is the most reasonable explanation for 
the origin of these rocks. 

The term glaucophane schist is broadly used to include a 
wide variety of rock types, some of which contain no glauco- 
phane. All of these are intimately associated in the field and 
undoubtedly were formed nearly contemporaneously and 
through the same genetic process. 

Holway (1904) designated as eclogite one of the rock types 

♦Contribution from the Department of Mineralogy and Petrography, 
Harvard University, No. 266. 

Am. Jotia Sci — ^Voi. 243, No. 1, Jastuaet, 1946. 
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George Switzer — Eclogite 

found in the California glaucophane schists. His determina- 
tion was based upon one chemical analysis of a rock composed 
essentially of garnet and gi;een pyroxene. No chemical analy- 
ses were made of the mineral components of the rock. Because 
of the contact metamorphic origin of the glaucophane schists, 
Holway’s usage of the term eclogite has been questioned by 
some later investigators. For example, Taliaferro states 
(1942, page 1590) : 

“Holway compared them with Scandinavian eclogite and stated 
that they were derived from intrusive gabbros. The green pyrox- 
ei*e (diopside) was called omphacite and the actinolite smaragdite. 
The eclogites of Norway and the Alps are the result of plutonic 
metamorphism and are everywhere associated with granulites, gneis- 
ses, and other completely metamorphosed rocks. The great differ- 
ence in the mode of occurrence and association of the true eclogite 
and the Franciscan schists was not, commented on by Holway, , . 

It is true that in recent years the term eclogite has become 
almost synonymous with highest pressure and temperature 
conditions of metamorphism. In the facies classification of 
Eskola, eclogite is placed in the highest pressure-temperature 
group of all the metamorphic rocks. In the classification of 
Grubenmann-Niggli, eclogite is considered to belong to the 
katazone, or extreme depth zone of metaraorphism. 

However, it seems to the writer that the fact has sometimes 
been overlooked that eclogite refers to a rock composed of 
garnet and pyroxene having certain specified ranges in com- 
position, irrespective of mode of origin. 

During a study of the California glaucophane schists the 
writer found several occurrences of a rock corresponding to 
Holway’s eclogite. A detailed study of these rocks showed them 
to be true eclogites in every respect. In this paper the word 
eclogite is used to denote a rock that consists essentially of (a) 
the pyroxene, omphacite and (b) a garnet in which almandite 
and pyrope are dominant. This is in agreement with Haiiy’s 
original definition. 


FIELD EELATIONS. 

The most notable occurrence of eclogite found is one mile 
east of tfhe Junction School, on the Mill Creek road, near 
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from the California Schists. 

Healdsburg, Sonoma County. Here is an area several square 
miles in extent covered with scattered outcrops of glaucophane 
schists of many types. The eclogite is restricted to a single 
outcrop approximately 50 x 50 feet. The whole schist area is 
long and narrow, extends in a northwest-southeast direction, 
and is bordered on the south by a serpentine sill striking 
approximately N. 50° W. and dipping 70° NE. 

A second noteworthy occurrence of eclogite examined by the 
writer is near Reed’s Station, Tiburon Peninsula, Marin 
County. This occurrence is restricted to a few small outcrops 
scattered over an area approximately 100 x 100 feet. Sur- 
rounding the eclogite outcrops is a larger area of various types 
of glaucophane schists. The glaucophane schist area is in turn 
in contact with a serpentine sill, which, standing nearly verti- 
cally, makes up the backbone of the peninsula. 

Other smaller occurrences of eclogite were found at Jenner, 
on the south side of the mouth of the Russian River, Sonoma 
County ; two miles east of Occidental, Sonoma County ; and on 
the Syke Ranch, on the south fork of the Eel River, 10 miles 
northeast of Laytonville, Mendicino County. 

PETROGRAPHY. 

The California eclogite is megascopically deep green in 
color, more or less uniformly dotted with red garnets. Micro- 
scopically it is granoblastic, the gi*ain size ranging from 0.05 
to 2.0 millimeters. Garnet and omphacite are the most con- 
spicuous minerals. Glaucophane, sphene, rutile, chlorite, and 
hornblende are present in small amounts. 

The mode of an average specimen is approximately as fol- 
lows: garnet 28 per cent, omphacite 57, glaucophane 2, horn- 
blende 3, chlorite 4, sphene 4, rutile 2. 

The average specific gravity of eclogite from several locali- 
ties in Sonoma and Marin counties is 3.43. 

MIKXRAXOGY. 

Omphacite: The pyroxene from eclogite found near Healds- 
burg, Sonoma County, California, was separated to a purity 
of 99 per cent and analyzed by Mr. E. A. Gonyer. The result 
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Tabi-e I. 


Pyroxene from California Eclogite. 



1, 

2 

3. 

4. 

6. 

6. 

SiO, 

68.31 

0 888 

1.776 

0.888 

1.94] 

1 1.96 

TiO, 

0.26 

0 003 

0.006 

0.008 

0.01 ] 


10 62 

0.103 

0.SO9 

0.206 

0.461 


FcjOj 

4.11 

0.026 

0.078 

0.052 

0.11 


PeO 

2.84 

0.040 

0.040 

0.040 

0.09 

1 1.10 

MnO 

0.06 

0 001 

0.001 

0.001 

• • 


MgO 

8.42 

0.208 

0.208 

0.208 

0.46 J 


CaO 

1460 

0 268 

0 268 

0 268 

0.66 

1 0.97 

Na,0 

6.90 

0.095 

0095 

0.190 

0.41 

K,0 

0 06 

0.001 

0.001 

0 002 

, , 


H,0(+) 

0.16 

0009 

0.009 

0 018 

004 



10012 


2 781 

f=216 




1 Omphacite — from eclogite near the Jimction School, Mill Creek area, 
Healdsburg Quadrangle, California. P. A. Oonyer, analyst Analysis 
first published by Birch (194i3). 

2. Molecular ratio. 

3. Oxygen atoms of ratio given in column 2. 

4. Positive atoms of the ratio in column 2. 

5. Ratios of column 4 each multiplied by the factor f, in order to 
bring the total oxygens to 6. 

6. Isomorphous groups of atoms combined to yield the formula (Ca,Na) 
(Mg, Pe", Pe'", Al) Si,Oa. 


of the analysis is given in TaMe I. The one per cent impurity 
was chiefly sphene. 

In Table II the California pyroxene is compared with pyrox- 
ene from three other localities. It is apparent from this com- 
parison that the California pyroxene is a typical eclogite 
pyroxene, the soda-rich variety commonly called omphacite. 

Garnet : The garnets of the glaucophane schists of Califor- 
nia have been descii'bed in detail by Pahst (1931) who found 
that there is considerable range in their composition. The 
proportion of almandite is especially constant, varying from 
48 to 56 per cent. The grossularite content varies from 8 to 
21 per cent, andradite from 4 to 24 per cent, and pyrope from 
10 to 20 per cent. The California eclogite garnets fall within 
the composition ranges defined by Eskola (1921) and Heritsch 
(1926) as being characteristic of eclogite garnets. 

Associated mmercds: In addition to omphacite and garnet 
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Table II. 

Composition of Pyroxene from Eclogites. 

Metal Atoms on Basis of Total Oxygen Number of 6. 



1. 

2 

3. 

4. 

Si 

1.94) 



1*93) , „ 

Ti 

0 0l}l-9« 

0.03 5 

0.01 ) 

J 193 


A1 

Fe'" 

Pe" 

Mg 

Ca 

Na 

E 

0 


1.10 


0.97 


1.03 


0.59) 

0.29^0.90 

O.O 2 J 

6 


0.44 

0.16 

0.10 

0.36 


> 1 


05 


0.50] 
037 I 

OOlJ 

6 


0.88 


OOO'l 

O60J 
0 64] 

0 27 I 0.94 
0 03] 

6 


a 

1673* 




/3 

1.679 

1.70 

1.67 

1.683 *0.002 

a 

1691 




Sign 

(+) 


(+) 


2V 

60° 


2E«140'’ 

67“ 


y=>6 




Orientation 

Z'c=39° 

Z:<r=43° 

Z:<j=36“ 

Z:c=42“ 

Sp,Gr. 

3 34*0 02 

3 31 

331 

8.80 


* Indices m column 1*0 002. 

1. Omphacite — ^near the Junction School, Mill Creek Area, Healdsburg 
Quadrangle, California. P. A. Gonyer, analyst. Analysis first published 
by Birch (1943). 

2. Omphacite — from hills west of “Postman’s Path,” Ardintoul Glenelg, 
Inverness-shire, Scotland. A. R. Alderman, analyst (Alderman, 1986). 

3. Omphacite — Fay, France. Raoult, analyst (Bri^Jre, 1920), 

4. Omphadte — Silden, Norway. P. Eskola, analyst (Eskola, 1921). 


several other minerals are found in varying amounts in the eclo- 
gite. These other minerals are not of contemporaneous origin 
with omphacite and garnet, but were formed at a later stage in 
the genetic history of the rock. The eclogite constituents, in 
the approximate order in wliich they were formed, are as fol- 
lows : garnet and omphacite, hornblende, muscovite, clinozoisite, 
actinolite, glaucophane, pumpellyite, lawisonite, albite, quartz, 
rutile, sphene, chlorite, and pyrite. 

Omphacite and garnet were formed together, the garnet hav- 
ing formed as euhedral crystals m a granular pyroxene ground- 
mass. There is a small amount of muscovite present which is 
commonly concentrated about the garnet crystals. 
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A second set of minerals is clearly later than the main eclo- 
gite. The most abundant of these are hornblende, glaucophane, 
rutile, sphene, chlorite, and pyrite. The occurrence of these 
minerals is almost entirely restricted to narrow seams or frac- 
tures irregularly traversing the massive eclogite. The horn- 
blende is usually concentrated along narrow fractures. Occa- 
sionally hornblende has entirely replaced the omphacite with a 
resultant rock that is a typical gamet-amphibolite. Glauco- 
phane is, in the same way, strikingly concentrated along frac- 
ture planes in the main eclogite mass. It is often found as 
peripheral zones about hornblende. Chlorite is also strongly 
concentrated along narrow fractures, with sphene, glaucophane, 
hornblende, and pyrite. In thin section chlorite can be seen 
replacing garnet, hornblende, and glaucophane. The sphene 
has formed in white to pale-yellow anhedrons up to one centi- 
meter in size, associated with smaller amounts of rutile. Pyrite 
is common and is also restricted m its occurrence to the scams 
of late formed minerals. 


DEBIVATION. 

One chemical analysis has been made of California eclogite 
(Holway, 1904). Another has been calculated by the writer 
using the mode given on page 3, and chemical compositions of 
the constituent minerals is given in Table I and by Pabst 
(1931 ) . These analyses are given in Table III, with three eclo- 
gite analyses from other localities, and one analysis of Fran- 
ciscan basalt. The California eclogite corresponds well to those 
of Norway, Switzerland, and Scotland, and to the basalt. 

Field relations show clearly that the California eclogite is 
one of the varied rock types making up the California glauco- 
phane schists. In addition, the eclogite is closely associated 
with Franciscan basalts and was undoubtedly derived from them 
by hydrothermal contact metamorphism caused by serpentine 
intrusives. 

There is no evidence to indicate that the Franciscan horizon 
now exposed at the surface was at any time deeply buried. It 
seems certain, therefore, that the eclogite was formed under 
conditions of moderate pressure. Low temperature of the peri- 
dotite magma at the time of its intrusion is indicated by com- 
pleite lack of thermal metamorphism along the contacts where 
no glaucophane schist is found. 
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Table III. 


Eclogite and Basalt Analyses. 



1. 

2. 

3. 

4. 

6 

6. 

SiO, 

44.15 

46.5 

50.21 

41.5 

44 06 

46.60 

TiO, 

trace 

3.6 

1.69 

12 

2.29 

2 87 

AljOs 

10.18 

13.5 

13.78 

15.9 

17.63 

15.28 

PCgOa 

11.92 

8.8 

149 

3.4 

3 40 

3 98 

FeO 

13 04 

80 

11 32 

16.2 

9 96 

8.17 

MnO 



018 

0.4 

nd. 

0.08 

MgO 

16 18 

7.5 

6.69 

42 

7.19 

5.4 

CaO 

4 51 

18 6 

1109 

12.4 

11.68 

10 68 

Na,0 

5.11 

86 

2.12 

2.6 

2.92 

2.26 

KaO 

2 09 


0.44 

0,1 

0.91 

0.86 

H,0 (+) 

0.96 


0.24 

02 

0.17 

3 63 

H,0(-) 



0.13 


012 

0 24 

PjOs 



trace 

2.4 


0 36 

F 



n.d. 

02 



Cl 



o.or 




SOa 



013 



0.08 

CO, 



0.05 



0.06 


99.31 

100.0 

99.56 

100.7 

100.23 

100.28 

Sp.Gr 


3.442 


8.61 

354 

285 


1. Eclogite — Coyote Creek, six miles northeast of San Martin, Santa 
Clara County, California. Composed of garnet 40 per cent, omph^cite 40 
per cent, actmolite, glaucophane, and white mica together 20 per cent. C. B. 
Allen, analyst (Holway, 1904). 

2. Eclogite — ^near the Junction School, Mill Creek area, Healdsburg Quad- 
rangle, California. Composition calculated from analyzed mineral con- 
stituents and mode. ^ (Specific gravity measured by P. Birch.) 

8. Eclogite — ^hills west of the “Postman’s Path” to Ardintou, Glenelg. 
H. R. Alderman, analyst (Alderman, 1936). 

4. Eclogite — Duen type, Vanelosdalen, Sondmore, Norway. Analysis 
calculated from mode of analyzed minerals (Eskola, 1921). 

5. Eclogite — Sulztal, Otztal, Tyrol (Hezner, 1908, p. 4^). 

6. Basalt — near the mouth of Duvuol Creek, two miles north of Camp 
Meeker, Sonoma County, California. P. A. Gonyer, analyst. 


CONCLUSION. 

The known occurrences of eclogite have recently been sum- 
marized and classified into the following six types (Davidson, 
194.3) ; 

(1) Schlieren and lenses in garnet-bearing anorthosite. 

(2) Schlieren and lenses in gametiferous chamockite, pyrox- 
ene-granulite or pyroxene-gneiss. 

(3) Lenticular masses in granite-gneisses and migmatites. 

(4) Schlieren and segregations in peridotite and dunite. 
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(5) Slieet-like masses, associated with amphibolite, in par- 
agneiss. 

(6) Nodules, associated with peridotite and O'ther ultrabasic 
tyes, in kimberlite pipes of South Africa. 

To these well-recognized types of occurrence should be added 
the California type: 

(7) Irregular masses, associated with glaucophane-bearing 
rocks, formed by hydrothermal contact metmorphism 
under moderate temperature and pressure conditions. 
Intrusive peridotite sills and dikes were the metamor- 
phosing agents. 

ACKNOWI/EDGMENTS. 

This paper represents a portion of a general study of the 
glaucophane schists of California that was made possible by 
financial aid from two sources, the Holden Fund of the Depart- 
ment of Mineralogy, Harvard University, and Mr. M. Vonsen, 
of Petaluma, California. For this assistance the writer is 
deeply grateful. Professors Charles Palache and Esper S. 
Larsen, of Harvard University, have been most generous with 
aid of many sorts. 

I Refeueitces. 

Alderman, A. R.: 19S6, Eclogites from the neighbourhood of Glenelg, 
Inverness-Shire Quart. Jour. Geol. Soc., London, Vol. 112, pp. 488- 
630. 

Birch, F.j 1943, Elasticity of igneous rocks at high temperatures and pres- 
sures. Bull. Geol. Soc. Amer., Vol. 64, pp. 268-286. 

Bri^re, Y.t 1920, Les Eclogites francodses — leur composition mindralogique 
et chimique’, leur origins. Bull. Soc. franc. Mm., Vol. 43, pp. 72-222. 
Davidson, C. F : 1943, The Archean rocks of the Bodil District, South 
Harris, Outer Hebrides. Trans. Roy. Soc. Edinburgh, Vol. 41, Ft. 1, 
pp. 71-112 

Eskola, P.; 1921, On the eclogites of Norway> Viden Skrifter. 1 Mat- 
Naturv. Klasse, No. 8, pp. 1-118. 

Heritsch, F.: 1926, Studien ueber den Chemismus der Oranaien. Neues 
Jahrb. f Min , Ab. A, Bd. 55, p. 74 

Hezner, L : 1903, Em Beitrage zur Kenntnis der Eklogite und Amphibolite, 
mit besonderer Berilchsichtigung der Vorkommnisse des mittleren 
otzeds Tchermak’s Mm. Petr. Mitth.. Bd. 22, pp, 437-605. 

Holway, R. S : 1904, Eclogites in California. Jour. Geol., Vol. 12, pp. 
344^68. 

Pabst, A.* 1931, The garnets of the glaucophane schists of Oodifomm. Am. 
Min , Vol 16, pp. 327-333 

Ransome, F, L.; 1894, Geology of Angel Island Bull. Dept. Geol., Univ. 
Calif., Vol. 1, pp. 193-240. 

Yaue Universitt, 

Netv Haves', Cos-itecticut. 



GLACIAIi BORDER DRAmACE AISTD 
LOBE-EDGE EMBANKMEISTTS. 

RICBlARD F. LOGAN. 

ABSTRACT. An active continental icensheet pushing against a hillside 
may construct a morainic embankment along its margin. The presence 
of such an embankment is thus positive evidence of active glaciation, as 
opposed to stagnation. For it, the term “lobe-edge embankment” is pro- 
posed. Since the ice may at the same time be causing stream diversion, 
the embankment may be associated with temporary drainage channels. 
The presence of such channels by themselves, however, is not indicative of 
either active or stagnant retreat 

I N the course of field work^ carried on in Western Massachu- 
setts at intervals over the past six years, the writer has 
observed repeatedly a type of feature which, in his opinion, 
warrants considerably more attention than it has received in 
the past. 

DESCRIPTION OP THE EEATIJRE. 

In its most recognizable form, this feature appears as a 
long, narrow ridge, with an undulating crest, 2 to 30 feet in 
height, running along a moderately steep mountainside in a 
direction parallel to the general trend of the contours. Wher- 
ever cut by a brook ravine or a roadway, this ridge will be seen 
to be composed of a heterogeneous mass of unassorted material, 
ranging from day to large, subangular, often striated stones. 
Between it and the rising hillside lies a long, narrow swale. 
At first glance, the bottom of the swale will appear to be 
essentially horizontal longitudinally, but a levelling of it will 
usually indicate a gentle decline in one direction, — usually 
toward the south or east. 

Frequently these ridges occur in groups, one above another 
on the same hillside. In other places, the ridge crest, followed 
along the hillside, will he seen to fall to the level of the swale, 
and the whole ridge-swale combination gives way to a narrow 
bench banked against the hillside. Followed to its lower end, 
the feature usually terminates in a flat gravelly plain, or 
in an area of conical gravel hills. 

Several excellent examples of these features may be found 

^ Part of the field work on which this article is based was carried on 
through a grant from the William Libbey Fund for Research in Physical 
Geography, under the auspices of Clark University. 

9 
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in Western Massachusetts. One, on the road from Hartsville 
to New Marlboro, about one mile south of the former place, 
is cut by the highway and a small brook, offering a good 
cross-section. Another occurs a few hundred yards west of 
State Route 8, 4 miles south of Hinsdale, Massachusetts, and 
just north of the dirt road known locally as the **Beech Road”. 

POSSIBLE EXPLANATIONS. 

1. HogbacTe. Except for its internal constitution the 
description given above might be applied to a hogback — 'a ridge 
owing its existence to the superior resistance of an inclined 
stratum. Hogbacks do occur at places within the area, but 
are easily distinguished by the frequent outcropping of bed- 
rock on their top and sides. 

2. Esher. An esker is a long, narrow ridge with an undulat- 
ing Crestline, formed by deposition in the bed of a glacial stream, 
held in by walls of ice- Outwardly, the features described 
above resemble eskers, but the material of which they are com- 
posed prevents them from being classed as such. Eskers are 
composed of gravelly material, roughly assorted and contain- 
ing a large proportion of wel-rounded pebbles. 

3- Landslide Material. Only two agencies are likely to 
create a mass of material whose composition is as heterogeneous 
as that forming the ridges in question : landslides and glaciers. 
Considering the material alone, these ridges might be attributed 
to landslide deposition, but topographically they are completel}' 
unlike anything that might conceivably result from such phe- 
nomena. While landslide deposits do have a “swell and swale” 
topography at times, there is always a lack of continuity to 
such features, and certainly never the perfection of slopes as 
is exhibited in these swales. 

4. Crevasse FUlings. Ridges similar in outward appearance 
to an esker, but composed of material ranging from roughly 
assorted to completely unassorted, have sometimes been 
explained as the result of material being avalanched into and 
partly filling crevasses in an ice-sheet. Such an explanation 
might seem to apply here, but a more careful consideration will 
reveal that it explains only one-half of the feature — ^the ridge; 
for the swale, especially in its continuity and its longitudinal 
slope, it offers no explanation. 

5. Border Drainage and Maramic Embanhments. It is con- 
ceivable that in the glaciation of a mountainous country by a 
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continental ice-sheet, the situation would frequently occur in 
which the edge of a lobe or tongue of ice occupying a valley 
would lie close against the neighboring mountainside. The for- 
ward motion of the ice would continually carry debris to the 
front, and it would be deposited there, against the mountainside. 
Meltwater, issuing from the ice-sheet would have to find its 
way along the sag between the ice-front and rising slope of 
the mountain. Where this flow was weak, it would have little 
effect on the deposition of debris, but where the volume of 
meltwater was great, it would of necessity maintain a channel 
for itself, carrying away material as it was dumped from the 
ice. Deposition would still go on beneath the edge of the ice, 
however, and protected by the ice, would build up a considerable 
pile of detritus. 

At some places where the ice stood at a greater than average 
distance from the mountainside, or where the line of its contact 
descended to an elevation lower than at other adjacent points, 
a “pocket” would be formed which would promptly fill with 
meltwater. In this temporary, ice-bound lake, the meltwater 
would deposit much o-f its load of detritus, and in time, the 
“pocket” would be filled with sand and gravel to the level of 
the lowest point in the rim. 

The subsequent withdrawal of the ice-sheet would leave the 




Fig 1 Generalized cross-section through a “lobe-edge embankment” 
and its associated border drainage feature. Vertical and horizontal scale 
the same. 
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pile of detritus dropped under the edge of the ice standing as 
a long, narrow ridge roughly paralleling the trend of the hill- 
side, and bordered on its uphill side by the channel of the escap- 
ing meltwater, Where a temporary lake had existed, the swale- 
like character of the meltwater channel would broaden into a 
gravelly plain if the lake had been filled, or into a swampy tract 
if deposition had not been so great. There might be a disap- 
pearance of the ridge at such places, especially if the ice-front 
had dropped to a lower elevation, and the plain would stand as 
a terrace banked against the hillside. 

A cross-section through the ridge (Fig. 1) will show it to 
be composed of an unassorted mass — till — ^dropped directly by 
the ice. A cross-section of the swale would be less uniform: 
some parts, where deposition occurred, will show stratified sands 
and gravels ; other places, where erosion was dominant, it will 
show as a channel cut in till, with perhaps a surface concentra- 
tion of larger stones — rock too large for the meltwater to trans- 
port, and hence left behind while the remainder of the till was 
removed. Much of the swale will have a surface coating of more 
recent materials : swamp materials, solifluction deposits, slope 
wash from the adjacent hillside, and small alluvial fans at the 
points where ste^ hillside rills have had their gradients reduced 
on entering the swale. 

The presence of more than one ridge-swale combination on 
the hillside is due to a succession of halts and recessions. The 
oldest of the succession is, of course, the highest in elevation. 

For the swale, resulting as it does from the flow of meltwater 
along the ice-edge, the term ‘border drainage channel” has 
long been used. No term having been assigned to the ridge, 
the writer suggests that the term “lobe-edge embankment” be 
applied to it. 

PREVIOUS LITERATURE. 

The possible existence of these ice-border features has not 
received much attention on either side of the Atlantic; the 
literature concerning them is scanty and widely scattered. 

So far as the writer is aware, the first description of such 
features is contained in an article by KendalP on the Cleveland 
Hills of Yorkshire, England. He shows that during the degla- 
ciation of that hilly region, meltwater found its escape along 

® Kendall, P. P : 1902, “A System of Glacier Lakes m the Cleveland 
Hills” Quart Journ. Geol Soc vol. 58, p. 471. 
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the margin of the ice, in some places confined to a narrow 
stream channel, and elsewhere allowed to broaden into lakelike 
expanses. The swifter reaches of streams maintained channels 
in the till, and at some places eroded the underlying bedrock. 

About the same time Taylor,® studying the glacial deposits 
of Berkshire County, Massachusetts, recognized similar fea- 
tures in that area. While Kendall, in the Yorkshire area, had 
recognized chiefly erosional action in the form of stream erosion 
— ^Taylor observed that deposition had, in the Berkshires, 
occurred at the same time. However, even he seems to have 
failed to appreciate the full significane of the ridge, putting too 
much emphasis on the erosive power of the stream. He states, 
“Where border drainage was very strong, a ridge of coarse 
detritus was sometimes built along the edge of the ice, and left 
there on its retreat as a distinct, narrow ridge forming the 
outer bank of the river bed.”^ 

Lougee has described many such channels in two papers® 
dealing with New Hampshire. In each case he stresses the 
erosive action by the meltwater, but does not mention whether 
there is a ridge of till bounding the channel on one side, These 
till ridges are the most significant part of the whole feature; 
by their presence, an important controversial issue can be 
definitely settled in any given area. 

SIGNIFICANCE OF LOBE-EDGE EMBANKMENTS. 

Thus far it has been assumed that the ice-sheet was actively 
moving forward throughout the period of the formation of 
these border drainage features. However, at various times 
during the past half-century the hypothesis has been presented 
that in New England the ice-sheet stagnated at about the 
time of its maximum extent, and molted from the top down. 
It would be valuable if a means could be found by which the 
fact n't either stagnation or active movement of ice in a given 
area could be determined beyond any doubt. 

In some cases, these lobe-edge embankments appear to offer 

“Taylor, F. B.: 1903, “Correlation and Reconstruction of Recessional 
Ice Borders in Berkshire County, Massachusetts”, Journal of Geology, 
vol. 11. 

‘Taylor, op. cit. p. 837. 

“Lougee, Richard J.: 1939, “Geology of the Connecticut Watershed”, 
Biological Survey of the Connecticut Watershed, N. H. Pish and Game 
Dept. Survey Report No. 4t, pp, 136} 140-144. 

Lougee, Richard J.: 1940, “Deglaciation of New England”, Journal of 
Geomorphology, Vol. Ill, pp. 207-218. 
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such, a method. Let us first review the events immediately pre- 
ceding, during and immediately subsequent to their formation 
under conditions of active ice movement, and then compare 
these with the conditions along the border of a stagnant lobe 
in a similar situation. 

Under normal circumstances, the front of a receding icc- 
sheet melts back a fairly regular distance in any given period. 
Simultaneously, the ice-sheet itself is moving forward, so that 
new ice and new detritus is continually being brought to the 
front. The detritus is dropped by the melting ice and forms 
a thin covering of heterogeneous material over the bedrock, 
known as “ground moraine”. Meltwater is discharged from 
the ice-front and flows along the trench between the ice-sheet 
and the mountainside; but since the ice-front is constantly 
receding, it has little time to construct regular channels. 

Occasionally, however, the weather changes sufficiently to 
cause the rate of melting to decrease to the point where the rate 
of melting is equal to the rate of forward motion of the ice-sheet. 
Thus the ice-front remains stationary for a time. But all the 
time forward motion within the ice is going on, new detritus is 
being carried forward and deposited, and meltwater is coursing 
through the trench at the ice-front. It is during this period of 
stability that the hillside embankments will form. After a time, 
the weather again changing, the rate of melting will increase, 
and the ice-front will once more recede. Again only a thin 
coating of ground moraine will be deposited. 

Thus, under conditions of normal, active ice retreat, the 
ordinary, thin ground moraine covering most of the hillside 
will give way to a ridge of thick till on the iceward border of 
the meltwater channel, ’ > 

Stagnant ice has no forward movement, thus there will 
be no continuous supply of new detritus coming to its front. 
It win, however, have periods of stability of the ice-front, fol- 
lowed by periods of faster recession ; thus during certain times, 
the meltwater channels will be continuously changing, and at 
other times, will remain fixed for a considerable period in one 
place. It is during the latter periods that border drainage 
channels may be established along the ice-front. Ground mo- 
raine deposited by stagnant ice will consist only of whatever 
material is held in the ice directly above the spot concerned. 
Hence a Idng halt of the ice front at a given point will not 
in any way increase the thickness of till there. 
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Thus the rule may be stated: IF THERE IS A CONSID- 
ERABLE THICKENING OF THE GROUND MORAINE 
TO FORM A RIDGE ON THE OUTER (DOWNHILL) 
SIDE OF THE BORDER DRAINAGE CHANNEL, THE 
ICE WAS ACTIVELY MOVING AT THE TIME OF ITS 
FORMATION. It does not necessarily follow, however, that 
the absence of this thickening would be proof of the stagnant 
condition of the ice-sheet; for it is perfectly conceivable that 
the channel might be carved in till deposits along an active 
ice-front in a period too short for the accumulation of a 
thickened till mass. For example, it is possible that a suddenly 
increased volume of water flowing through the trench might 
carve the channel in comparatively few hours; and such quick 
surges of water were no doubt a common occurrence under 
glacial conditions in a mountainous region, caused by the sudden 
release of an ice-impounded lake. 

Once it has been established that in a given area the ice 
possessed active motion during the period of its recession, it 
becomes of great importance to the field worker to determine 
the slope maintained by the ice-sheet in the zone immediately 
behind the ice-front. Since in most hilly regions, the sheet 
took on the form of a number of lobes protruding into each of 
the valleys of the area, the deposits of a given moment would 
be found through a wide range of elevation. With a knowledge 
of the slope of each lobe, correlations between frontal deposits 
can be made over considerable distances. 

Because the border drainage runs in the trench at the contact 
of a lobe and the neighboring hillside, it offers a convenient 
means of determining the slope of any particular lobe. The 
unevenness of deposition causes a considerable undulation of 
the crest of the morainic ridge, but the smoothing effect of 
stream action makes the swale both a good indicator of the 
slope and a convenient place to run a line of levels. In deter- 
mining the slope of the ice-edge by this method it should be 
borne in mind that the slope determined will be less than the 
slope along the axis of the lobe, since there is always a slope 
from the central portion of a lobe toward its peripheries, 
lateral as well as terminal. 

CONCLUSIONS. 

In a hilly region undergoing continental glaciation, meltwater 
escaping through the lower area between the ice- front and the 
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mountainside, may scour a channel in the underlying till and 
bedrock. This will be left, after the retreat of the ice, as a 
channel running along the hillside, sometimes bordered on the 
outer side by a ridge of till, sometimes standing as a gravelly 
terrace. If it is accompanied by a considerable thickening of 
the till on the downhill side, it is an indication that the ice 
was actively moving throughout the period of its deposition; 
but the lack of such thickening is not proof of stagnation. The 
slope of the channel may, under ideal circumstances, give a 
rough approximation of the slope of the ice-lobe by which it 
was formed, and may serve as a means of correlating detached 
morainic fragments. 
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PBOLACEBTA AKD THE PROTO- 
ROSAURIAN REPTILES. 

C. L. CAMP. 

Part I. 

I 

ABSTRACT. A second specimen of Prolacerfa from the Lower Triassic of 
South Africa is closely related to Protorosawrus ap^mri. Since Prolacerta 
must remain closely associated with the Permian “Eoauchw^* it now becomes 
necessary to place Protoroaauma in that group. It may be preferable to 
retain the old name Protoroaaama in place of “Eosutchia" Prolacerta. shows 
characters intermediate between Yowngvna and the lizards, also characters 
intermediate between Youngvm and the rhynchocephalians Prolacerta may 
be somewhat closer to the lizards as it seems to be mcipiently streptostylic 

INTaODTTCTION. 

D r. F. R. Parrington of Cambridge University has recently 
described, under the name Prolacerta hroomif the frag- 
mentary skull of a small lizaJrd-like reptile from the Ly^tro- 
saunts beds of South Africa. Parrington concludes that 
Prolacerta is “intermediate between a primitive group (the 
Eosuchia) and the lizards,” and is the type of a new family, 
the Prolacertidae assigned by him to the Thecodontia. 

When Parrington’s (1935) paper appeared Mrs. Camp and 
I were traveling to South Africa under a fellowship generously 
provided by the J ohn Simon Guggenheim Memorial Foundation. 
At Harrismith Mr. Leonard Putterill and his nephew Mr. 
Cowper Smith very kindly guided us to the famous localities, 
discovered by the late A. W. Putterill. There we were so for- 
tunate as to find another skull of Prolacerta. 

Preparation of this material was furnished by the personnel 
of the Works Progress Administration, Ofiicial Project No. 
65-1-08-62, Unit A-1. Mr. Owen Poe has prepared the illus- 
trations. The California Museum of Vertebrate Zoology has 
kindly loaned cleared specimens of recent lizards, prepared by 
Mr. Thomas L. Rodgers. 

DESCMPTION OF NEW MATERIAL. 

Specknen , — Skull and six articulated cervical vertebrae and 
ribs, in hard grey limestone nodule, No. 37151, U. C. Mus. Pal., 
prepared by Martin Calkin, (Plate 1). 

Am. Joub. Sea— Vot, 243, No. 1, Januabt, 1945. 

2 
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Locality. — One mile east of Harrismith, Orange Free State, 
Union of South Africa ; Lystmoswarm zone, assigned to the , 
Lower Triassic of the Karroo Series. Found in place in the 
steepest exposure at “Big Bank,” below the Municipal dam. 
U. C. Mus. Pal. Loc. 36115. 

Occurrence. — The elongate nodule containing the entire 
specimen lay in one of the light gray, silty limestone members of 
the Lystvosaum^ zone. A small skull of Lystrosaurus was 
found in the same level at this locality. Dongas in the vicinity ‘ 
but at slightly different levels have produced dozens of skulls 
and skeletons of the common aquatic dicynodont, Lystrosaurus, 
also the aquatic amphibian LydeJeleerma, the predacious aquatic 
thecodont ChasmatosauruSi and the small carnivorous cynodont 
reptile Thrmaxodon. Tlyrmaoeodon does not appear to have 
been aquatic, though it may have had habits similar to those 
of a mink. 

The adjacent sediments are red, calcareous clays with 
granular limestone nodules, gray shales and some lenses of bone 
breccia. It seems probable that the beds were laid down in 
shallow lakes or swamps. 

The skull elements have been slightly dislocated in the matrix, 
evidently by uniform pressure sufficiently heavy to force the 
elements apart along suture lines without extensive deforma- 
tion or breakage. The seven anterior cervical vertebrae are 
slightly separated from the atlas, and twisted over to the 
right. The dements of the atlas are dismembered and one is 
broken, possibly from the bite of some predator. 

The last cervical vertebra preserved lay enclosed within 
the nodule and at some distance from the end of the nodule. 
So it is evident that the remainder of the carcass had become 
separated before burial of the head and neck. 

Diagmsis. — Cervical vertebrae large, amphicoelous, with 
small notochordal pits. Intercentra now represented by the 
large concentric intercentra of the atlas and axis, and by a 
much smaller, slightly displaced intercentnun lying below the 
juncture of the third and fourth centra. No pronounced keels 
on the intercentra. Dichocephalous ribs on all cervical vertebrae. 
The lower end of the small, rod-shaped quadrato jugal rested 
upon a shoulder on the external border of the quadrate. Jugal 
with a slender posterior process reaching nearly to the quad- 
rate. Dorsal skull elements all paired along the mid-line. 
Nasals very large, snout narrow and pointed, external nares 
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small. Postfrontals primitive in shape and position, resem- 
bling those found in Yomigma and early reptiles. Inter- 
parietal doubtfully present and, if so, vestigial. Pineal fora- 
men very small or absent. Squamosal much as in Sphenodon ; 
supratemporal absent, fused with squamosal, or very doubt- 
fully represented by a small element at the tip of the parietal. 
Palate exceedingly dentulous, with numerous teeth on vomers, 
palatines and pterygoids. Pterygoids articulating with 
vomers. Basioccipital relatively small and narrow. Para- 
sphenoid well ossified and with a long rostrum. Paroccipitals 
and exoccipitals separate. Epdpterygoid with a quadrate 
process. Orbit large, with 12 or 13 sclerotic plates.' Lower 
jaws slender throughout, unfenestrated, and with elongate pos- 
terior process. Dentition pleuro-thecodont, teeth hollow at 
base and fused to upper margins of alveoli when fully erupted. 
Tooth replacement successional. No osteoderms preserved; 
skull elements smooth, unsculptured. 

Comparison with type . — ^The present specimen agrees in 
detail with the type skull described by Parrington (1936), so 
far as the two may be compared. Thus the shape of the 
parietal and the supratemporal fenestra, the shape of the 
frontal and postfrontal, and the relative positions of the 
quadrate, squamosal, quadratojugal and postorbital are so 
similar as to leave no doubt as to the generic identity of the 
two specimens. 

When due allowance is made for the relative imperfection of 
the Cambridge skull some discrepancies may be accounted for. 
Accordingly, it seems probable that the lack of a posterior 
process on the jugal, the ventral position of the quadratojugal, 
the position of Farrington’s “supratemporal,” and the shape 
of the squamosal in the Cambridge specimen are due to faulty 
preservation — crushing, cracking, and loss of parts. 

Description of skull . — The PEEMAxiiiLAEiiss meet on a rough 
midline suture. The short nasal and maxillary prongs are of 
equal length, forming a crescent. The maxillary process enters 
an external notch on the tip of the maxillary. The nasal 
process lies between the tips of the nasals. The palatal 
process is largely concealed. 

There were five teeth in each premaxillary, somewhat smaller 
than those in the maxillary. The shallow, cup-shaped alveoli 
are more open lingually than bucally, possibly an approach to 
pleurodonty, as the fully erupted teeth are fused to the edges of 
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> Fig. 3. Palatal view of skull of Prolacerta broomi, x 2. Eecon- 
structed. Teeth ou px. ahd mx. are not shown. 

the alveoli. The young teeth lie loosely within the alveoli. 
This condition might he called pleurothecodont as it seems to 
be intermediate between the strictly thecodont and pleurodont 
types. 

The right septomaxillary (os concha) is a thin, saucer- 
shaped bone resting on the floor of the external naris and above 
the suture between the maxillary and premaxillary, (Text Fig. 
2) . Posteriorly it bears a round notch and the maxillary border 
is upturned to form an irregular trough. Length 5 mm. width 
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2 mm. The bone questionably identified as septomaxillary by 
Farrington is a little larger and lies much farther bach. 

The MAXHiiiARiES are long and slender, forming about one- 
third of the lateral area of the rostrum. The posterior exten- 
sion underlies the anterior process of the jugal. The nasal and 
lacrimal sutures are obscure. There are fourteen teeth on the 
right side and sixteen on the left. In addition there seem to 
be seven empty alveoli on the left and ten on the right. The 
teeth are small, slightly compressed and recurved at their tips. 
Length of longest teeth 2.6 mm. 

The NASALS are exceedingly large and are separated by a 
midline suture. They entirely enclose the borders of the nares. 
The crushed anterior spines of the nasals appear to have formed 
at least half of the intemarial bar. The nasals form a thin 
hemicylinder anteriorly where the thin bone has been fractured 
along the midline, (PI. 1 and Text Fig. 2) . 

The raoNTALS are almost exactly as figured and described by 
Farrington. They are slightly arched over the orbits and the 
two elements form a shallow longitudinal trough on the midline 
of the skull roof. The ventral surfaces contain a shallow 
groove for the olfactory tract. The median suture is complete. 
There is no median foramen, the hole noted by Farrington is 
possibly a bite wound. 

The PAEiETALS are separated by a posterior notch which pos- 
sibly contained the parietal organ. The only other evidence 
of a pineal foramen is a slight depression just in front of this 
notch. The scars of the temporal muscles approach the mid- 
line. The posterior arms are somewhat longer than figured 
by Farrington and are evidently complete. They were trans- 
versely severed along a crack in the nodule. 

The presence of an intebpaeietal may be questioned. There 
are two slivers of bone intercalated between the right parietal 
and the thick upper rim of the supraoccipital just lateral to the 
posterior end of the mid-parietal suture. These may be parts 
of a vestigial interparietal. They were observed after remov- 
ing the dislocated supraoccipital which has now been restored 
to its original position, as found in the matrix, (Text Fig. 6). 

Under the name ‘‘supbatempoeal,’’ Farrington describes a 

wedge of bone similar to that in Y ov/figincif^* ly in g between the 
tip of the left parietal and the squamosal. This is the posi- 
tion of the element which Williston and Broom have called tabu- 
lare in the lizards. In our specimen the squamosal has been 
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separated from the parietal on each side and there is no trace of 
another bone between them. It seems probable that the supra- 
temporal of Yomigma and its relatives has become fused with 
the squamosal in Prolacerta. 

The supratemporal may, however, be represented by a small, 
flattened piece attached to the extreme posterior tip of each 
parietal, and apparently separate from the parietal. This tiny 
flake lies in front of the posterior border of the parietal, so it 
could scarcely be the tabulare of pelycosaurs (Farrington 
1937). At best its recognition is extremely doubtful and pos- 
sibly the tips of both parietals are fractured, (Text Fig. 5). 

The PRErEONTALS are thick, flattened above, and each has a 
stout ventral projection which borders the anterior margin of 
the orbit. 

The LACEiMAiS are of doubtful extent because of crushing. 
It appears that the naso-Jacrimal suture may have been the 
breaking point when the skull was crushed. If this were so the 
area of the lacrimals over the side of the face above the maxil- 
laries was about equal to the area of the prefrontals on the 
skuU roof. All this is supported by the lack of any visible 
small lizard-like lacrimals and also by the fact that there is a 
longitudinal canal in the orbital margin of this large broken 
element, lying medial to the anterior tip of the jugal. 

The POSTERONTALS are discreet and shaped as in primitive 
reptiles, forming a triangular patch over the border of the 
or*bit. They do not have an extended posterior process. 

The POSTORBITALS have a short squamosal process and a 
very long jugal process. The postfrontal suture is smooth. 

The JUGAL retains an attenuated posterior process which 
extends to within two millimeters of the base of the quadrate 
and ends in a needle-like point. The anterior (suborbital) 
process is also long and slender, conforming to the great size 
of the orbit. The ^tiemity hes along the posterior process 
of the maxillary and enters a groove in the side of the lacrimal. 
The shorter dorsal (postorbital) process is inserted medial to 
the descending arm of the postorbital. There is no possibility 
of a sutural union between the jugal and the quadrato jugal, 
but there may have been a ligamentary connection. 

The bone identified by Farrington as auADEATO jugal is 
present on each side. It corresponds with his description ‘‘a 
slightly curved, rod shaped bone 6 mm. long and rather more 
than 1 mm. wide and bearing no trace of any anterior projec- 
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tion or facet for the reception of a posterior projection of the 
jugal.” Its rounded lower end is provided with a longitudinal 
furrow which rested upon a ledge or shoulder on the outer 
ridge of the quadrate. Dorsally it must have articulated with 
the latero-ventral process of the squamosial. 

The snTJAMosAns evidently abutted directly against the pos- 
terior arms of the parietal. They now lie separated from the 
parietals but there is no evidence of an intervening “supra- 
teraporal.’* There is certainly no suture traversing the squa- 
mosal. The element is short and massive. Its posterior pro- 
jection is pressed downward across the head of the quadrate. 
Its ventral process evidently met the quadrato jugal. Its inner 
prong adjoins the parietal and its Ijroad, short anterior pro- 
cess containing an anterior sutural depression must have under- 
lain the poisterior process of the postorbital. 

The miADEATE is high, sicMe shaped and not greatly 
expanded dorsally where it is capped by a process of the 
squamosal. Its ventral condyle is a simple slightly convex 
surface transversely elongated. The hnife edge projection or 
ledge accommodating the base of the quadrato jugal lies about 
4 millimeters above the condyle. The outer rim of the quad- 
rate is a segment of an eclipse which evidently carried a tym- 
panic membrane about 8 mm. in vertical diameter. 

The quadrate in the lateral view (Text Tig. 1) is seen to 
be tilted backward and was evidently not fixed in the vertical 
position as in other eosuchians. 

The bones of the palate (Text Fig. 3) are thin and bore 
about 168 hollow teeth fused to the edges of shallow pits. Some 
of the empty pits are much larger than the bases of the large 
teeth. The internal nares are laterally placed, narrow, elon- 
gate and simple They are bounded by the palatines, vomers 
and premaxillaries. They extend rather ' far back. The 
interpterygoid space is narrow. The post-palatine (ectoptery- 
goid) fenesitra as laterally placed. The pterygoid-ectoptery- 
goid flange, which controls the alignment of the lower jaws in 
most reptiles, is poorly developed. 

The voMEEs (5=prevoiners of Broom) are visible except for 
their extreme tips. They are crushed slightly out of position 
but they evidently met on a midline suture in the anterior half 
of their extent. There was evidently an oval space between 
them posteriorly. There is a rounded external ridge which 
defines the median margin of the internal naris. The anterior 
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end of this ridge bears a double row of small teeth, about six- 
teen on each side. These alternate with each other in the 
double row. There are about eighteen teeth on the posterior 
part of the external ridge. The inner margin of the widest 
part of each vomer bears a single row of eleven to twelve of 
the largest and sharpest teeth on the palate. These project 
downward so far that they would seem to have interfered with 
the use of the tongue. Possibly the tip or tips of the tongue 
lay behind or lateral to these teeth. 

The PALATINES are apparently shorter than in YoumgoideSi 
(Olson 1936). The slender anterior and posterior processes 
join to form a pedestal with a broad foot abutting against the 
maxilla. The anterior process enters a notch in the prevomer 
near the tip of the pterygoid. It bears a single longitudinal 
row of eleven to thirteen small, slender, slightly recurved teeth. 
Slightly larger, blunter teeth are set along the inner margin of 
the posterior process; nine on the right and fourteen on the 
left. This process broadens out posteriorly to form the 
anterior margin of the ectopterygoid fenestra but it does not 
reach the ectopterygoid bone. A small fenestra seems to have 
been present between the pterygoids and palatines. 

The PTERYGOIDS are similar to those of YowngeMes as fig- 
ured by Olson (1936). They are extensive, reaching the 
vomers anteriorly as in StenavlorhyTwlms and Sphenodon, and 
sending out a broad transverse process to join the ectoptery- 
goid. The posterior margin of this process bore six small 
pointed teeth. The flattened quadrate process is elongate 
and slides up below the broad dorsal inner (anterior) flange 
of the quadrate. The inner margin of the anterior process 
bears three longitudinal rows of thickly set pointed teeth. I 
count fifty of |:hese on the right side. Joining these in front 
of the basipterygoid articulation is another shorter double row 
of fairly large teeth set on a ridge which runs forward toward 
the tooth row on the palatine bone. There are twelve teeth 
(including empty alveoli) on each side in this series. 

An element, evidently the displaced left eotopteeygoid, lies 
inside the outer margin of the left orbit. It consists of a 
short rod with a flattened outer tip and a much broadened inner 
extremity which lies on the broad, concave forward surface 
of the transverse process of the pterygoid. The right ecto- 
pterygoid also lies approximately in this position. 
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The left epipteeygoid is visible within the posterior margin 
of the orbit, below the postorbital. It is stouter than in 
modern lizards and has a broad foot. The foot has evidently 
been broken away from a long quadrate process of the epiptery- 
goid, which ran toward the quadrate along ' the medial side 
of the quadrate process of the pterygoid. The upper end of 
the right epipterygoid may be seen within the supra temporal 
fenestra. 

The surnAOcciPiTAii is crushed and broken. Its thick dorsal 
border lies beneath the parietals and sends out a thin shelf, 
convexly curved, over the foramen magnum. This shelf 
thickens at the side to enclose the dorsal parts of the upper 
canals of the inner ear. 

The BXOccipiTALS have been pressed out of position and now 
lie on each side of the occipital condyle in the plane of the 
basioccipital. An extensive foot rested upon the basioccipital, 
and a cup at the dorsal end recmved the dorsal head of the para- 
occipital. The ventral head of the paroccipital engaged the 
lateral margin of the foot of the exoccipital. Between these 
parts was a large foramen, doubtless for Nerves IX, X and XI, 
as in phytosaurs and Iguana. There is one large and one small 
foramen in the posterior face of each exoccipital. These pass 
completely through the bone and probably carried Nerve XII, 
as in primitive lizards and many other reptiles. 

The posterior nerve exits in lizards are variously arranged. 
In Varanus and the mososaurs, Nerve IX has a separate fora- 
men through the paroccipital bone. Nerves X and XI have 
a common inner foramen lying between the paroccipital and 
exoccipital bones. Nerve XIE passes into this large foramen 
through the two inner foramina in the exoccipital. In a pre- 
vious description of Vararms (Camp, 1942, p. 39, second para- 
graph) a line was unfortunatdy omitted, including a statement 
concerning the exits for Nerve XII. The true state of affairs 
may -be seen in Fig. 19 of that paper. The statement should 
read: “Nerve XI enters the brain case through the foramen 
magnum, turns back, and joins Nerve X and passes out through 
their common foramen. Nerve XU issues from the brain into 
two small foramina in the exoccipital bone . . 

The PAEocciPiTALS are separated from the exoccipitals simi- 
larly on each side of the skull, (Text Fig. 5). There can be 
little doubt of the persistence of an exoccipital suture t a primi- 
tive condition. The quadrate arm of the paroccipital probably 
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articulated loosely Tvith tlie back of the quadrate near its head, 
and did not reach the squamosal. 

The BASiocciPiTAL is relatively narrow and thick, with bifur- 
cate anterior wings bearing tubera at their bases. These are 
traversed vertically by a canal. The condyle is hemispherical. 
The element now lies separated from the basisphenoid and 
the latter shows a broad, longitudinally grooved, horizontal 
sutural surface which overlapped the anterior edge of the 
basioccipital. 



Fig. 4. Rear view of skull of Prolacerta broomi, x 2. Reconstructed. 



Fig. 5. Rear view of skull elements of Prolacerta broomi, U.C. Mus. 
Pal. no. 87151, x 2. 


The posterior-shaped wings of the basisphenoid are pro- 
duced into rods each of which terminates in a cup-shaped 
articular surface j and this evidently articulated with a rounded 
condyle on the paroccipital. The lateral wings carrying the 
basipterygoid processes are fused to the basisphenoid but traces 
of sutures appear between the bases of the processes and the 
parasphenoid part of the basisphenoid. The Vidian canal pene- 
trates these old sutures. In Yowngmdes, according to Olson 
(1936), the sutures are still open. 


The PARASPHENoiDAii aosTBtTM 18 , attenuate. It 

extends forward nearly as far* as do the pjberygoids. The 
rostrum is thich at its base where it is excavated dorsally into 
a trough. There is no trace of a separate presphenoid. This 
element may be fused to the upper margin of the parasphenoid 
because there seems, to be a trace of a suture between the basi- 
sphenoid and the upper margin of this rostniip. Length of 
para-basisphenoid along midline : 27 mm. 

The PEOOTic is a massive, complex element separated ' frpna 
the paroccipital by smooth sutures and displaced from it on, 
both sides of the skull. On the left side the shallow tri-r 
geminal notch is visible behind the orbit, and below there are 
two stout pedestals, one for the paroccipital and the other 
evidently for articulation with the basisphenoid. There was 
a sharp lateral wing or ridge on this bone something like that 
found in Varamis and other lizards, where a similar ridge 
(crista prodtica) forms a channel for the outer course of the 
VII nerve. 

There are no visible traces of orbitosphenoidal (= postoptic) 
and septosphenoidal elements (cf. Camp 194*2). 

A rod-shaped bone appears on the right side of the palate 
and extends transversely from slightly above the basioccipital 
to a point just beyond the tip of the posterior arm of the basi- 
sphenoid. This is probably the right stapes. The median end 
is expanded horizontally, but the foramen, if present, cannot 
be seen. The outer end is compressed antero-posteriorly and 
must have been continued several millimeters in cartilage, to 
the tympanum. Length of stapes J 5.5 mm. 

Series of thin, widely overlapping sclerotic plates lie above 
the pterygoids and below the frontals and prefrontals in both 
orbits. Four of the posterior sclerotics may be seen in the left 
orbit and a series of six or seven of the upper ones are preserved 
in the right orbit. The eye was exceptionally large. The 
plates doubtless served to preserve its sphericity. Their shape 
cannot be accurately determined but from what remains they 
appear to resemble the sclera of Sphenodon. 

The lower jaws are unfenestrated. The bones are splint-like 
and are exceedingly weak and slender (Tl. 1 and Text Figs. 
1 and 3). The symphysis was apparently ligamentous as the 
rami are now slightly separated and show no terminal sutural 
serrations. 
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The right bentary is short and thin, and bears seventeen 
visible pleuro-thecodont teeth. These are barely recurved, 
slightly compressed and in the main alternate with those of 
the somewhat larger teeth in the upper jaw. 

The ANOUBAR forms one-half of the lower border of the jaw. 
It wedges between the dentary and splenial and fades out 
beneath the glenoid. 

The suEANGUiiAR is also elongate. It barely meets the den- 
tary and extends back to a point midway between the glenoid 
and the tip of the articular. The usual foramen for the 
mandibular nerve traverses the surangular, emerging at pomt 
just belo-w the glenoid and a shallow groove continues backward 
from this exit. 

The ARTicuiiAE seems to be separated from the prearticular 
by a questionable suture in and below the center of the shallow 
glenoid. It continues backward to form the long hookshaped 
upturned digastric process. 

The PREAETicxJi-AR is expanded at the glenoid, thins out and 
expands again into a broad plate covering the inner face of 
the ramus forward to the splenial. • 

The coEONOiD is seen principally on the inner face of the 
ramus above the prearticular and runs obliquely down lateral 
to the splenial. The coronoid process is a mere vestige. 

The SPLENIAB is the largest and longest element in the jaw, 
extending from the symphysis to beneath the center of the 
orbit and forming most of the inner face of the ramus for that 
distance. 

Elements of the hyoib apparatus are seen below the palate. 

A pair of slender elongate rods extends from the mid-ptery- 
goid region toward the inner faces of the quadrates. Farring- 
ton’s specimen shows one of these and he identifies it as a 
ceratohyal. The first ceratobranchial is the element usually 
ossified in lizards, and that must 'be the condition here in Pro- 
lacerta. In the mosasaurs (Camp 1942, Eig. 23) the epihyal 
also appears to be ossified ; that is not probable here. Among 
modern Iguanidae and Agamidae there are some genera with 
large, curved ceratobranchials accompanying a throat pouch, 
(cf. Camp 1923, Fig. 29, Brachylophm) . 

Two short rods lying lateral to the tip of the left cerato- 
branchial may represent the first and second epibranchials. 
The larger rod lying beneath the bend in the right cerato- 
branchial may be the base of the first epibranchial. 
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series behind the skull. These are relatively much larger than 
in Sphenodon and modem lizards, indicating a strong, elongate 
neck, proibably arched upward and carrying the head rather 
high. Possibly the long, strong neck accompanying a narrow 
pointed skull indicates aquatic habits. 

Centra long, non-tapering, shallowly biconcave. The per- 
sistence of chorda is shown by the presence of pits in the 
articular faces of the centra. There is a sharp ridge beneath 
the entire length O'f each centrum, giving the cross sections a 
triangular outline. Zygapophyses exceptionally large, their 
facets nearly horizontal in the mid-cervical region; facets 
becoming more and more oblique anteriorly ; neural spines low, 
compressed and nearly as long as the centra ; no sutures between 
neural arches and centrum. 

The ATiiAs complex has been crushed and dissociated. My 
interpretation of the parts is none too certain. The right 
neural arch now lies just behind the supraoccipital. Its inner 
(medial) surface appears in the dorsal view. The neck of this 
bone contains a foramen, its foot is an articular surface, and 
now points forward. Its posterior zygapophysis is broken away 
and lies against the right prezygapophysis of the axis. A 
small, flattened, slightly bowed dement to the right of the neural 
arch may be the right paoATnAs. 

The left neural arch lies against the posterior face of the 
extremity of the left parietal. In this position it might be 
taken for a tabular but it has an articular foot and foramen 
as in the opposite bone. A smaller flat, bowed element lying 
beneath the extremity of the parietal is possibly the left pro- 
atlas. It might be regarded as a displaced supratemporal, 
but again this is highly improbable. 

The ODONTOID is a relatively small, elliptical spheroid lying 
beneath the anterior end of the left atlantal arch. There are 
shallow lateral furrows for the articulation of the feet of the 
neural arches. The odontoid was evidently not fused with the 
centrum of the axis. 

The INTERCENTRA of the atlas and axis lie together behind 
the occipital condyle. The atlantal intercentrum is slightly 
smaller than the axial and neither of them bears hypapophyscs 
or keels. The intercentrum lying beneath the posterior end of 
the centrum of the third vertebra is a small crescentic nodule 
that could be regarded as the hypapophysis of the third 
cervical. 
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The AXIS is shorter than the other cervicals, but its neural 
spine is longer and higher. Prezygapophyses are present and 
there is a sharp sub-central keel. The anterior condyle is 
smooth, slightly convex and shows no trace of fusion with the 
odontoid. Centrum 9 ram. in length. 

The THiED and fourth cervicals are the largest of the series 
as preserved. Ventrolaterally each centrum has a slight con- 
striction, or muscle scar, bounded above by an arched ridge. 
Length of centrum of third cervical, 11 mm. ; of fourth cervical, 
12 mm, ; of fifth cervical, 11 mm. ; of sixth cervical, 10 mm. 

Ceroiccd ribs . — Remains of cervical ribs adjoin the six ante- 
rior vertebrae. Ribs were evidently present on all the cervicals. 
A fragment of a slender hairbke atlantal rib lies beneath the 
left neural arch of the atlas. This rib was about 20 mm. in 
length and only one-third of a millimeter in diameter. A 
slightly larger dichoeephalous rib is appressed to the right side 
of the axis. Its length is approximately 24s mm. and its width 
about half a millimeter. The width of the head and tubercle 
together is slightly more than one millimeter. The left axial 
rib ds also present. The third right cervical rib bears a ventral 
keel beneath the head and tubercle. The width of this expanded 
part is about two millimeters and the incomplete length, as 
exposed, is thirteen millimeters. The fourth right cervical rib 
is stouter and was evidently shorter. It is boat shaped with 
an anterior spine nearly two millimeters long. The head and 
tubercle bear convex facets only one-half a millimeter apart. 
The tubercle which articulated with the facet on the lower bor-r 
der of the anterior face of the fourth centrum is larger than 
the head which evidently articulated with the fourth inter- 
centrum. Both facets are convex. The fifth left cervical rib- 
is like the fourth but larger, the width of the expanded part 
being about three millimeters, and the exposed length 8 mm. 
The facet on the tuberculum is concave. The articular extrem- 
ity of the sixth right cervical rib bears a short anterior spine, 
a large tuberculum with a concave facet and a long slender 
head. 


(To he concluded.) 



SCIENTISTS RECENTLY STARRED 

In Geology, Physics, Chemistry, 
Mathematics and Astronomy. 

Stephen S. Vishee. 

abstract Of the 246 men and four women first starred by secret vote 
of their fellow scientists in the seventh edition of American Men of Science 
(1944), 141 men and one woman are m the five sciences here considered. 
Their names, distribution by institutions, and place of imdergraduate and 
doctoral training are given, and something as to their birthplaces. Some 
statistical data are given also for the groups first starred m 1932 and 1937. 
Tables I and II summarize for the more important institutions in these 
fields, the data as to distribution, and place of doctoral training. The 
median ages at starring for the 1948 groups are: Astronomy 86, Mathe- 
matics 37, Physics 40, Chemistry 48, Geology 44. 

A S a supplement to a study in The Ameeican Jottenal op 
Science in 1939^ the following report upon these scientists 
first starred in the seventh edition of American Men of Science 
is of interest. Here they -are listed, their distribution by insti- 
tutions given, and the place of collegiate and doctoral training, 
and birthplace. For each of the fiive sciences some data are also 
given for those starred in 1932 or 1937 or earlier. The total 
number of starred scientists listed as connected with specified 
institutions is only approximate because some have shifted 
since the data* were assembled. 

Table I summarized for the institutions having most scientists 
of these sorts the data given beyond in more detail for each of 
the five sciences. It reveals that of the persons (only one woman 
was starred in 1943 in these five sciences) first starred in 1943, 
Columbia and Harvard each have 10, California 9, Massachu- 
setts Institute of Technology (M. I. T.) 8, Chicago 7, Michigan 
5, Princeton 5, Stanford 4. Of those starred in 1932, 1937 or 
1943, Harvard has 25, California 26, Princeton 21, Columbia 
19, Chicago 17, Michigan 17, Massachusetts Institute of Tech- 
nology 17, California Institute of Technology 17, Yale 12, 
Illinois 10, Stanford 10, Cornell 9, Hopkins 8, Wisconsin 6, 
Minnesota 5. 

^Distribution of the younger starred scientists, especially those in the 
physical sciences. Amee. Jotni. Scr. Vol. 287 : 48-63, Jan. 1989. 
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Table I discloses that of starred geologists^ the federal 
government (chiefly the XJ, S- G-. S.) has most. The three 
leading universities are Chicago, Columbia and Yale. Of the 
younger starred physicists Massachusetts Institute of Tech- 
nology and California Institute of Technology have the largest 
number followed by Michigan, Princeton, California, Harvard, 
Chicago, and Columbia. Of the younger starred cheTimts the 
largest groups are at California, Chicago, Columbia, Illinois, 
Massachusetts Institute of Technology, Michigan, Princeton, 
and Stanford. As to Tnaihematicians, the leading institutions 
are Harvard, Princeton, Columbia and the Institute for 
Advanced Study (at Princeton). As to astronomers^ Mount 
Wilson Observatory of the Carnegie Institution leads, followed 
by Chicago, California and Harvard. 

Table I. Distribution by Chief Institutions of 
Recently Starred Men. 

Geology Physics Chemistry Math. Astron. 

' Starred In: '48 ’S2-'43 '43 'S2-’43 '43 »82-'43 '43 ’32-'43 '43 '82-'48 


California 

2 

4 

2 

6 

8 

9 

1 

1 

1 

4 

Calif. Tech. . . . ; . . 

0 

2 

2 

9 

0 

4 

0 

1 

1 

1 

Carnegie Inst 

3 

5 

1 

2 

1 

2 

0 

0 

2 

8 

Chicago . ' . ... 

2 

4 

1 

3 

1 

4 

0 

1 

3 

6 

Coltnnbia 

3 

5 

1 

4 

8 

6 

1 

8 

1 

1 

Cornell 

0 

0 

1 

4 

1 

4 

1 

1 

0 

0 

Harvard 

1 

2 

2 

6 

4 

7 

2 

7 

1 

4 

Hopkins 

0 

1 

' 0 

3 

0 

8 

0 

2 

0 

0 

Illinois 

0 

1 

1 

2 

1 

5 

1 

2 

0 

0 

Mass. Tech 

1 

1 

6 

12 

2 

8 

0 

1 

0 

0 

Michigan 

0 

1 

2 

7 

2 

& 

0 

1 

1 

2 

Minnesota 

I 

1 

1 

1 

1 

2 

0 

0 

0 

1 

North Carolina . . 

0 

0 

0 

0 

6 

0 

2 

2 

Q 

0 

Northwestern . . . 

0 

0 

0 

0 

2 

8 

0 

1 

0 

0 

Ohio 

0 

0 

0 

2 

1 

2 

0 

1 

0 

0 

Pennsylvania .... . 

0 

0 

1 

1 

2 

2 

0 

1 

0 

0 

Princeton 

0 

2 

1 

6 

1 

6 

2 

4 

1 

8 

Rockefeller . .... . 

0 

0 

0 

0 

1 

6 

0 

0 

0 

0 

Stanford 

0 

0 

2 

8 

2 

S 

0 

2 

0 

0 

U. S. Federal 

7 

19 

0 

4 

1 

6 

0 

0 

1 

2 

Virginia 

0 

0 

0 

0 

0 

0 

1 

8 

1 

1 

Wisconsin 

0 

0 

1 

1 

1 

2 

0 

8 

0 

0 

Yale 

1 

8 

1 

2 

0 

8 

0 

1 

1 

8 


Table II summarizes the distribution of doctoral training 
by leading institutions. It reveals that for these five sciences 
combined the leaders for those starred 1932-1943, are Cali- 
fornia 43, Chicago 37, Harvard 36, Princeton 28, Yale 27, 
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California Institute of Technology 19, HopMns 14, Columbia 
13, Ulinois 11, Wisconsin 11, Massachusetts Institute of Tech- 
nology 9. 

As to geologists^ Yale leads, followed by Chicago and Har- 
vard. As to physicists^ California Institute of Technology 
and Princeton lead, followed by Chicago. As to chemists, 
California, Harvard and Illinois lead, with five other universities 
not far behind Illinois, (California Institute of Technology, 
Chicago, Columbia, Massachusetts Institute of Technology, 
Princeton, Wisconsin and Yale) . As to mathematicians. Har- 
vard is far ahead, followed by Chicago and Princeton. As to 
astronomers, California leads, followed by Chicago, Princeton 
and Virginia, 

The nunaber of newly added starred men reflects a number 
of conditions, one of which is the number of somewhat older men 
on the staff. Some strong departments have a number of men 
starred in 1921 or 1927 who are still active. 

The number of doctoral graduates starred in 1943 as com- 
pared with the number starred in 1933 or 1937 reflects changes 
of significance. 

Table II. Doctoral Training of Recently Starred Scientists, 
Leading Universities. 


Geology Physics Chemistry Math. Astron. 
Starred In: ’43 ’82-43 ’43 ’32-’48 ’48 ’82-’43 ’43 ’82-’4a ’48 ’32-’4S 


Brown . . ... 

0 

0 

0 

0 

2 

4. 

1 

1 

0 

0 

California 

2 

6 

1 

6 

7 

20 

0 

1 

2 

9 

Calif. Tech. 

. 0 

0 

6 

10 

2 

7 

0 

1 

1 

1 

Chicago 

a 

11 

4> 

8 

0 

7 

0 

5 

1 

S 

Columbia 

1 

a 

0 

5 

0 

7 

0 

1 

0 

0 

Cornell 

0 

1 

0 

3 

0 

3 

0 

0 

0 

0 

Harvard 

s 

11 

1 

2 

6 

18 

2 

10 

0 

0 

Hopkins 

1 

6 

1 

7 

0 

1 

0 

0 

0 

0 

Illinois 

0 

1 

1 

1 

4 

10 

0 

0 

0 

0 

Mass. Tech 

1 

1 

1 

8 

8 

5 

0 

0 

0 

0 

Michigan 

0 

0 

1 

3 

1 

8 

0 

0 

0 

1 

Minnesota 

1 

a 

3 

4) 

0 

1 

0 

0 

0 

1 

Ohio 

0 

0 

0 

0 

2 

S 

0 

0 

0 

0 

Pennsylvania 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

Princrton 

1 

2 

0 

11 

2 

7 

3 

6 

1 

4 

Stanford 

1 

2 

1 

2 

0 

0 

0 

0 

0 

0 

Virginia 

0 

0 

0 

2 

0 

0 

0 

0 

1 

8 

Wisconsm . . . ... . 

1 

1 

2 

8 

4> 

e 

0 

2 

0 

0 

Yale 

6 

15 

a 

5 

1 

0 

0 

0 

1 

1 
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GEOLOGISTS. 

First Starred m 194!3. 

Present distriibution by institutions : 

U. 8. Geological Survey: Bridge, Josiah, Burbank, W. S., Griggs, 
D. T., King, P. B., Mertie, J. B., Waters, A. C.; Carnegie Insti- 
tution: Ingerson, F, E., J* Tunell, G.; Columbia: 

Kay, G. M., Kerr, P. F., Sband, S. J.; California: Anderson, C. A. 
Williams, H.; Chicago: Croneis, C. G., Krumbein, W. C .4 Arizona: 
Short, M. N. ; Harvard : Billings, M. P. ; Massachusetts Institute of 
Technology : Newhouse, W. W. ; Minnesota : Gruner, J. W. ; Wash- 
ington (Seattle): Weaver, C. Rensselaer: Hotchkiss, W. O.; 
Yale: Flint, E. F.; American Museum of Natural History: Simpson, 
G. G. ; U. 8. National Museum' Cooper, G. A.; Consulting: De 
Golyer, L. E., Levorson, A. I., Sales R. H. 

Academic Training: 

Doctorate : 

Yale: Cooper, Ingerson, King, Schairer, Simpson, Waters; Harvard: 
Billings, Croneis, Griggs, Short, Tunell; California': Anderson, 
Weaver; Chicago: Flint, Krumbein; Columbia: Kay; Hopkins: 
Mertie; Massachusetts Institute of Technology: Burbank, New- 
house; Minnesota: Gruner; Princeton: Bridge; Stanford. Kerr; 
Wisconsin: Hotchkiss; Liverpool: Williams; St. 'Andrews: Shand, 

Collegiate : 

Yale: Schairer, Simpson; California: Short, Weaver; Chicago: Flint, 
Krumbein; Cincinnati: Bridge; Colgate. Cooper; Denison: Croneis; 
Harvard: Billings, Tunell; Hopkins: Mertie; Iowa: Kay, King; 
Massachusetts Institute of Technology: Burbank; Minnesota: Levor- 
sen; Montana State College: Sales; New Mexico: Gruner; Occi- 
dental: Kerr; Ohio: Griggs; Oklahoma: De Golyer; Pennsylvania 
State: Newhouse; Pomona: Anderson; Simmons: Ingerson; Wash- 
ington (Seattle): Waters; Wisconsin: Hotchkiss; Britain: Shand, 
Williams. 

Birthplaces: Midwest 11 , Northeast 7, Pacific 3 , South 2 . Canada 1 , 
England 1 , Scotland 1 , Germany 1 . 

Dietrihution of those Starred 19S2-19J}S, ' 

U. S. Geological Survey 19, Carnegie Institution 6 , , Columbia 5 , 
Chicago 4), Yale 3, California 4, Harvard 2 , California Institute of 
Technology 2 , Princeton 2 . 
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Doctorates of those Starred 1932-1943. 

Yale 16, Chicago 11, Harvard 11, California 6, Hopkins 6, Columbia 
2, Minnesota 2, Stanford 2, European Universities 7. 

College degrees of those starred 1932-1943. 

Chicago 8, Harvard 8, Yale 6, California 6, Denison 3, Hopkins 8, 
Iowa 3, Kansas 2, Minnesota 2 

Birthplaces of those starred 1932-1943. 

Number and, in ( ), approximate yield per million population 
at median date of birth. 

Midwest 20 (1), Middle Atlantic States 12 (1), Pacific States 10 
(6), New England 9 (2), South 8 (.4), Mountain States 2 (2), 
Canada 3, Britain 2, Continental Europe 6. 

PHYSICISTS. 

Those Fiest Starred in 1943. 

Present distribution by institutions : 

Massachusetts Institute of Technology'. Alvarez, L. W., Evans, B. 
D., Nottingham, W. B., Ridenour, L. N., Stratton, J. A.; Bell Lab- 
oratory. Kelly M. J.; Brown: Brillouin L; California: Jenkins, F. 
A., McMillan, E. M.; Calif orna Institute of Technology: Nedder- 
meyer, S. H., Strong, J. D.j Carnegie Institution: Seitz, F.; Cen- 
tral Science: Klopsteg, P. E.| Chicago: Zachariasen, W. H.; Colum- 
bia' Fermi, E. ; Cornell: Rossi, B.; Duke: Sponer, A. D. ; General 
Electric: Blodgett, K. B. ; Harvard: Furry, W. H., Hunt, F. V,; 
Illinois' Kerst, D. W.; Indiana: Mitchell, Alan; Institute for 
Advanced Study: Pauli, W.; Michigan: Crane, H. R., Sawyer, R, 
A.; Minnesota: Nier, A. O.; Pennsylvania: Harnwell, G.; Pitts- 
burgh' Hutchisson, E.; Princeton: Wheeler, J. A.; Purdue: Lark- 
Horvitz, K.; Rochester: O’Brien, B. ; Stanford: Hansen, W. W., 
Kirkpatrick, P.; Wisconsin: Herb, R. G.; Yale: Margenau, FI. 

Academic Trammg: 

Doctorate : 

Calif ornia Institute of Technology: Crane, Evans, Mitchell, Nedder- 
meyer, Ridenour; Chicago: Alvarez, Jenkins, Kelly, Sawyer; 
Princeton: Harnwell, McMillan, Nottingham, Seitz; California: 
Kirkpatrick; Harvard: Hunt; Hopkins: Wheeler; Illinois' Furry; 
Massachusetts Institute of Technology : Shockley ; Michigan . S'trong ; 
Minnesota: Hutchisson, Klopsteg, Nier; Stanford: Hansen; Wis- 
consin: Herb, Kerst; Yale: Morgenau, O’Brien; Italy: Fermi, Rossi; 
Cambridge: Blodgett; Gottingen: Sponer; Oslo: Zachariasen; Paris: 
Brillouin; Vienna: Lark-Horvitz, Pauli; Zurich: Stratton. 
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Collegiate: 

Bryn Mawr: Blodgett} California Institute of Technology'. Crane, 
Evans, McMillan, Shockley; Casex Hutchisson; Chicago', Alvarez, 
Jenkins, Bidenonr; Dartmouth'. Sav?yer; DePauw: Furry; Haver- 
ford: Harawell; Kansas: Strong; Massachusetts Institute of Tech- 
nology: Stratton; Midland: Margenau; Minnesota: Kiopsteg, Nier; 
Missouri School of Mines: Kelly; Occidental: Kirkpatrick; Ohio: 
Hunt; Purdue: Nottingham; Stanford: Hansen, Neddermeyer, 
Seitz; Virginia: Mitchell; Wisconsin: Herb, Kerst; Yale: O’Brien; 
Foreign, 6. 

Birthplaces : 

Nelv” England 1, Middle Atlantic 2, South 3, Midwest 14, Colo- 
rado 1, Pacific 6. Austria 2, Germany 2, Italy 2, England 1, France 

1, Norway 1. 

Physicists starred 1932-19 Jt-B. 

Distribution : 

Massachusetts Institute of Technology 11, California Institute of 
Technology 9, Michigan 7, California 6, Chicago 4, Colmn'bia 4, 
Cornell 5, Harvard 6, Hopkins 3, Illinois 2, Minnesota 2, Ohio 

2, Princeton 6, Stanford 2, Wifconsin 2, Yale 2, Bell Telephone 
Laboratory 8, Carnegie 2, Federal 4, General Electric 2. 

Doctorate: 

Chdifomia 6, California Institute of Technology 10, Chicago 8, 
Columbia 4, Cornell 8, Harvard 2, Hopkins 7, Massachusetts Insti- 
tute 2, Michigan 8, Mtenesota 4, Princeton 10, Stanford 2, Virginia 
2, Wisconsin 8, Yale 6, Germany 14, Other European 7. 

Collegiate : ' 

California 6, California Institebe of Technology 6, Case 2, Chicago 
7, Columbia 8, Corndl 4, Dartmouiih 2, Harvard 2, Massachusetts 
Institute of Technology 8, Michigan 2, Minnesota 4, Ohio 2, 
Pomona 2, Princeton 2, Stanford 4, Wisconsin 2, Yale 2. 

Birthplaces of AU Starred Physicists: 

Number and, in ( ), approximate yield per million population 
at about median date of birth. 

Mi^vest 127 (7), Middle Atlantic States 76 (8), New England 
63 (18), South 81 (2), West 11 (4). Canada 9, Britain 17, Ger- 
many 16, Other Europe 87, Leading American States: New York 
48 (10), Ohio 48 <13), Massachusetts 34 (17), California 8 (12), 
'Connecticut 13 (20), Illinois 17 (6), Indiana 7 (8), Iowa 9 (6), 
Kansas 7 (7), Maryland 7 (7), Michigan 9 (4), Minnesota 7 (6), 
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Missouri 10 (5), New Jersey 9 (6), Pennsylvania 18 (4), Wiscon- 
sin 11 (10). Leading Cities; Baltimore 4, Boston 6, Chicago 6, 
Cleveland 6, New York 19, Philadelphia 6, St. Louis 4, Washington 
D. C. 4, 


CHEMISTS. 

Those Fiest Staeeed In 1943. 

Distribution by Institutions : 

Harvard: Bartlett, P. D., Edsall, J. T., Oncley, J. L., Wilson, E. B.; 
California: Branch, G. E., Pitzer, K. S., Eollefson, G. K.; Columbia: 
Cope, A. C., Elderfield, E. C., Mayer, J. E.; Chicago: Johnson, 
W. C, ; Cornell : Debye, P. J. ; Illinois : Smith, G. F. ; Massachusetts 
Institute of Technology: Hauser, E. A., Huntress, E. A.; Michigan: 
Broekway, L. O., Fajans, K.; Minnesota: Smith, Lee J.; Missouri: 
Bent, H. E.; Northwestern: Dole, M., Gucker, F. T.; Ohio: Erode, 
W. E.; Pennsylvania: Connor, E., Kilpatrick, M. ; Pennsylvania 
State: Aston J. G., Fenske, M. E.; Polytechnical Institute: Mark, 
H. F.; Princeton,: Wallis, E. S.; Purdue: Hass, H. B.; Stanford: 
Leighton, P. A. Noller, C. E.; Wisconsin: McElvain, 

Foundations and Industrial Laboratories: 

American Cyanamide: Crossley, M. L.j Carnegie Institution: Vick- 
ery, H. B.; Eastman: Huggins, M. L.; Ethyl: Calingaext, G.; 
Distilled Products: Hickman, K. C.; Merck: Fo'lkers, K., Major, 
E. T.,* Monsanto: Thomas, C. A.; Nutritional Foundation: King, 
C. G.; Rockefeller: Stanley, W. M.; Standard Oil: Flory, P. J.; 
United States Bureau of Mines: Lewis, B. 

Academic Tr awing: 

Doctorate : 

California: Aston, Bent, Bramch, Huggins, Mayer, Pdtzer, Eollef- 
son; Harvard: Bartlett, Dole, EdsaU, Gucker, Leighton, Smith, L. 
J,; Illinois: Erode, McElvain, Ncdler, Stanley; Wisconsin: Connor, 
Cope, Folkers, Oncley; Massachusetts Imiituie of Technology: 
Elderfield, Fenske, Huntress; Brown: Crossley, Johnson; Cali- 
fornia Institute of Technology: Brockway, Wilson; Michigan: Sndth, 
G. F.; New York University: Kilpatrick; Ohio: Flory, Hass; Pitts- 
burgh: King; Princeton: Major, Wallis; Yale: Vickery; Cambridge: 
Lewis; London: Hickmann; Brussels: Calingaert; Heidelberg: 
Fajans; Munich: Debye; Vienna: Hauser, Mark* 

Collegiate Training: 

Amherst: Bartlett; Brown: Crossley; Butler: Cope; Calif omia: 
Aston, Huggins ; California Institute of Technology : Mayer, Pitzer ; 
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DePauw: Fenske; Earlham: Stanley; Harvard: Dole, Edsall; 
Haverford: Gucker; Jllinois: Connor, Folkers; Kalamazoo: Johnson; 
Manchester: Flory; Massachusetts Institute of Technology : Hunt- 
ress, Lewis ; Michigan : Smith ; G. F. ; Nebraska : Brockway, Maj or ; 
New York City College: Kilpatrick; Oherlin: Bent; Ohio: Smith, 
L. I. ; Pomona: Leighton; Pn/iceion: Wilson; Southwestern: Oncley; 
Transylvania: Thomas; Vermont: Wallis; Washington (St. L.) : 
McElvain, Noller; Washington State College: King; Whitman: 
Erode; Wisconsin: Eollefson; Dalhousie: Vickery; Liverpool: 
Branch; London: Hickmann; Vienna 2, Germany 2, Brussels 1. 

Birthplaces : 

East North Central States 16, Pacific 6, Mid- Atlantic S, New 
England 8, South 2, West North Central 2, West Indies 2, England 
3, Canada 1, Austria 2, Belgium 1, Germany 1, Netherlands 1. 

Chemists Starred 1932-19 Jj-S. 

Distrdihution : 

California 9, Columbia 7, Harvard 7, Illinois 7, Chicago 6, Michigan 
6, Massachusetts Institute of Technology 6, Princeton 6, Stanford 
5, California Institute of Technology 4, Cornell 2, Hopkins 3, 
Minnesota 3, Ohio 2, Pennsylvania 2, Pennsylvania State 3, Wis- 
consin 4, Yale 3, Federal Departments 5, Rockefeller 5, Carnegie 2. 

Doctorates : 

California 20, Harvard 13, Illinois 10, California Technical 7, 
Chicago 7, Columbia 7, Brown 4, Cornell 3, Massachusetts Institute 
of Technology 6, Michigan 3, Ohio 3, Princeton 8, Wisconsin 6, 
Yale 6, Hopkins 1, Minnesota 1, New York University 1, Pitts- 
, burgh 1, Rochester 1. 

Collegiate: 

Amherst 2, Brown 2, Calfornia 7, California Institute of Tech- 
nology 2, Chicago 7, Cornell 3, DePauw 2, Harvard 5, Illinois 6, 
Kansas 2, Massachusetts Institute of Technology 4, Michigan 4, 
Minnesota 2, Nebraska 2, Ohio 2, Pomona 2, Princeton 6, Wash- 
ington (Seattle) 2, Washington (St. Louis) 3, Wisconsin 2, Yale 3. 
European 26. 

All Starred Chemists. 

Birthplaces. 

Numiber and, in ( ), approximate yield per millian popu- 
lation at median date of ibirth. 

Midwest 138 (6), Middle Atlantic 109 (10), New England 83 
(20), South 39 (2), Mountain States 2, Pacific States 17 (8), Can- 



Scientists Recently Starred. - 41 

ada 14, Britain 22, Germany 9, Other European 28- Leading 
U. S. States: New York 66 (12), Massachusetts 62 (30), Ohio 
42 (13), Illinois 31 (10), Pennsylvania 30 (7), Connecticut 16 (20), 
New Jersey 16 (16), Wisconsin 13 (12), California 12 (10). 


MATHEMATICIANS. 

Those First Starred In 1943. 

Distribution : 

Artin, E. (Indiana), Chevalley, C. (Princeton), Doob, J. L., 
(Illinois), Godel, K. (Institute of Advanced Studies), Hadamard, 
J. (Columbia), Hedlund, G. A. (Virginia), Hurewicz, W. & Jacob- 
son, N. (North Carolina), Lehmer, D. H. (California), MacLane, 
S. (Harvard), Menger, K. (Notre Dame), Mises, B,. .E. (Harvard), 
Montgomery, D. (Smith), Neugebauer, O. & Polya, G. (Brown), 
Eosser, J, B. (Cornell), Siegel, C. L. (Institute of Advanced Study), 
Smith, P. A. (Columbia), Weil, A. (Lehigh), Wilks, S. S. (Prince- 
ton), Zygmund, A. (Mt. Holyoke). 

Institutions with 2 each: Brown, Coiumbia, Harvard, North Caro- 
lina, Institute of Advanced Study and Princeton. 

Doctorate: 

Brown' Lehmer; Budapest: Polya; Gottingen. MacLane, Neuge- 
bauer, Siegel Montgomery, Wilks ; Harvard: Doob, Hedlund; 
Leipzig: Artin, Paris: Chevalley, Hadamard, Weil; Princeton. 
Jacobson, Rosser, Smith; Vienna: Godel, Hurewicz, Menger, Mises; 
Warsaw: Zygmund. 

Graduate fellows elsewhere than where doctorate was taken: Chi- 
cago 2, Columbia 3, Harvard 2, Cambridge 1. 

Collegiate : 

Alabama: Jacobson; California: Lehmer; Dartmouth: Smith; Flor- 
ida: Rosser; Hamline: Montgomery; Harvard: Doob, Hedlund; 
Tessas College: Wilks; Yale: MacLane. Foreign, 12. 

Birthplaces : 

California. Lehmer; Connecticut: MacLane; Florida: Rosser; Mass- 
achusetts: Hedlund; Minnesota: Montgomery; Hew Hampshire: 
Smith; Ohio: Doob; Texas' Wilks; Austria: Meager, Mises, Neuge- 
bauer; Czechoslovakia' Godel; France: Hadamard, Weil; Germany: 
Artin, Siegel; Hungary: Polya; Poland: Hurewicz, Jacobson, Zyg- 
mund, South Africa: Chevalley. 
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Math^maticmns Starred 19S2-19JiS, 

Distribution : 

Brown Chicago 2p Columbia 4, Harvard 7, Hopkins 2, Illinois 2, 
Lehigh 2, Massachusetts Institute of Technology 2^ North Caro- 
lina 2, Princeton 6, Institute of Advanced Study 4, Stanford 2, 
Virginia 3, Wisconsin 3. 

Doctorates: 1932-1943. 

Harvard 10, Chicago 5, Princeton 6, Iowa 2; 1 each at Brown, 
^California, California Institute of Technology, Cornell, Pennsyl- 
vania, Rioe, Wisoonsin. Foreign, (1937, 1948 only) 22. 

Collegiate: 1932-1943. 

Brown 2, Harvard 7, Washington (Seattle) 2, Yale 2. 
Birthplaces, starred 1903-1943. 

Number and, in ( ), approximate yield per million population at 
about median date of birth. 

New England 36 (9), Mid Atlantic 44 (4), East North Central 36 
(3), West North Central 17 (8), South 18 (1), West 3 (1), Canada 
6, Britain 10, Germany 11, Hungary 6, Russia 8, other European 30. 
Leading States: New York 27 (S), Massachusetts 24 (12), Ohio 
14 (6), Pennsylvania 12 (8), Michigan 8 (4), Connecticut 8 (12), 
Wisconsin 7 (6), Iowa 6 (6), Missouri 6 (2), New Jersey 6 (3), 
Texas 6 (2), Illinois 4 (1), Indiana 4 (2), Minnesota 4 (4). 
Cities: Boston and Suburbs 12, New York 12, Chicago 2, Philadel- 
phia 2. 


ASraONOMERS. 

Fiest Staeeed In 1943. 

Distribution by Institutions : 

CMoago: Chandras^har, S., Morgan, W. W.; (Swings, P.) Car- 
negie Mount Wilson Observatory: Minkowski, R., Wilson, O. C.; 
California: MayaU, N, N.j Golumhia: Schwar»child, M,; jkartoard: 
Whipple, F. L. ; Michigan: McMatib, R, R.; Princeton: Rosseland, 
S.; Virginia: Vyssotsky, A. N.; United States Naval Observatory: 
Eckert, W, J.; Yale: Spitzer, L. 

Doctorate 

California: Mayall, Whipple; California Institute of Technology: 
Wilson; Chicago: Morgan; Princeton: Spitzer; Virginia: Vyssotsky; 
Yale: Eckert; Breslau: Minkowski; Cambridge: Chandrasekhar; 
CotUngen: Schwarzchild ; Liege: Swings; Oslo: Rosseland, 
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Collegiate: 

California: Mayall^ Whipple, Wilson; Chicago: Morgan; Oherlin: 
Eckert; Michigan: McMath; Yale: Spitzer; Foreign 6. 

Birthplaces : 

California: (Wilson), Illinois (Mayall), Iowa (Whipple), Michi- 
gan (McMath), Ohio (Spitzer), Pennsylvania (Eckert), Tennessee 
(Morgan), Belgiinn (Swings), Germany (Minkowski, Schwarz- 
child), India (Chandrasekhar), Norway (Rosseland), Russia (Vys- 
sotsky). 

Astronomers Starred lQS2-'19JhS. 

Distribution ; 

Carnegie, Mount Wilson Observatory 8, California 4, Chicago 6, 
Harvard 4, Michigan 2, Navy 2, Princeton 8, Yale 8. 

Doctorate : 

California 10, Chicago 6, Princeton 4, Virginia 8, California Insti- 
tute of Technology 1, Cornell 1, Minnesota 1, Yale 1. 

Birthplaces of all Starred Astronomers. 
liTumber and, in ( ), approximate yield per million population. 
New England 27 (7), Mid Atlantic 19 (2), North Central 60 (8), 
South 7 (4), West (3), Canada 4, England 8, Germany 4, Nether- 
lands 4. Other foreign 12. Leading States: Massachusetts 14 (7), 
New York 12 (2), lUinois 10 (8), Ohio 8 (2), Michigan 7 (4), 
Minnesota 7 (7), California 6 (6), Missouri 6 (3). Leading Cities; 
Boston and Suburbs 7, New York City 4, San Francisco 8, Cincin- 
nati 2, Chicago 2. 

IrUHCAKA UKIVEaSIIT, 

BnooMnsroTOK, ItrozanA. 



EVOLUTION OF THE FACIAL SUTURES 
IN THE TRILOBITES LOGAN OFELTOIBES 
AND LOGANOPELTIS, 

FRANCO RASETTI. 

ABSTRACT. The structure of the Upper Cambrian trilobite Loganopel- 
toides and of the Lower Ordovician Loganopeltia, believed to be its descend- 
ant, is discussed in relation to the problem of the evolution of the facial 
sutures in trilobites. The evidence presented confirms the view of modern 
authors that the post-Cambrian members of Beecher’s order Hypoparia, 
such as the Trinucleidae and the Harpidae, derive from trilobites with 
dorsal sutures, and hence that their eyes are truly homologous with the 
compound eyes of other trilobites. 

The new genus Loganopeltoides is erected for Oorioeephalites zmkeri 
Billings. 

T he importance of the facial sutures of trilobites in connec- 
tion with their evolution and classification has been realized 
by all students of this animal group. Nevertheless, conflict- 
ing views have been held about the evolution of the sutures. 
Beecher,^ who was the first to use the character of the sutures 
for the subdivision of the subclass of trilobites into orders, 
believed that the most primitive condition of the sutures 
was the one attributed to the members of his order Hypoparia. 
In these trilobites the only cephalic suture present (apart 
from the hypostomal suture) is a marginal one separating the 
epistomal plate from the dorsal cephalic shield. According 
to Beecher’s interpretation this suture is to be regarded as 
homologous with the dorsal suture of ordinary trilobites. Con- 
sequently, whenever eyes were present in trilobites assigned 
to the Hypoparia (such as Tretaspis and Harpes), these struc- 
tures could not be homologized with the compound eyes of 
ordinary trilobites. 

Raymond,®’ ® and later, to a certain extent, Poulsen^ sup- 
ported Beecher’s interpretation of the sutures and his class- 
ification. Many students of trilobite structure, however, while 
agreeing with Beecher in the essential importance of the sutures 
for the understanding of the phylogeny of the group, ques- 
tioned the validity of Beecher’s orders, and in particular of 
the order Hypoparia. This criticism has been formulated 
by Richter,® S%vinnerton,® and many others. An excellent 
discussion of the subject and the complete bibliography will 
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be found in a recent paper by Stubblefield/ It ^is claimed 
by the above authors that Beecher’s Hypoparia constitute an 
heterogeneous assemblage, and moreover, that the characters 
of the sutures exhibited by most of its members are rather 
degenerative than primitive. 

Among Beecher’s Hypoparia, the agnostids are hardly 
related to the other supposed members of the order. Resser® 
even doubted whether they are really trilobites. The eodiscids, 
whenever they possess facial sutures (Pagetiidae) are pro- 
parian; nothing is known of the existence of cephalic sutures 
in the blind forms (Eodiscidae) . All other members of 
Beecher’s Hypoparia are post-Cambrian, and are mainly rep- 
resented by the Trinucleidae, the Raphiophoridae and the 
Harpidae. Many of these post-Cambrian Hypoparia have 
eyes, and the blind forms are closely related to genera that 
possess eyes. Beecher and Raymond designated these struc- 
tures as “ocelli” and believed that they should not be homolo- 
gized with the eyes of ordinary trilobites, as they are not 
situated on the facial sutures. The latter are supposed to 
be represented by the marginal suture. 

According to the alternative view, upheld by Swinnerton®, 
Reed,® Richter,®’’-® and others, the post-Cambrian Hypoparia 
evolved from ancestors possessing the ordinary type of facial 
sutures. It is assumed that the facial sutures became obliter- 
ated, and that the marginal suture was developed secondarily. 
The eyes of hypoparian trilobites would therefore be truly 
homologous -with the compound eyes of proparian and opis- 
thoparian trilobites. 

The latter interpretation appears preferable for several 
reasons, among which perhaps the most convincing is the fact 
that unquestioned hypoparian trilobites are first met with in 
the Ordovician, whereas the Opisthoparia were already well 
developed in the Lower Cambrian, and the Proparia in the 
early part of the Upper Cambrian. However, to the writer’s 
knowledge only one example has been put forward as evidence 
for the evolution of a hypoparian from an opisthoparian tri- 
lobite. The case in question is the hypothetical descent of the 
Trinucleidae from Orometopv^, suggested by Lake,” but ques- 
tioned by Raymond.® 

The writer believes to have discovered a more convincing 
case in the late Upper Cambrian genus Loganopeltoides and 
the early Ordovician genus Logcmopeltis, The aim of the 
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present paper is to describe and illustrate the structure of 
the sutures in these trilobites and to discuss their significance. 

LOGANOPELTOIDES, new genus. 

The genus is erected for trilobites similar to Loganopeltis, 
but possessing dorsal sutures. 

Cephalon with a strongly convex, prominent, conical gla- 
bella. Two or three pairs of glabellar furrows, the posterior 
one curving backwards, the others short. Occipital furrow 
well impressed, occipital segment simple. Circumglabellar area 
convex ; brim wide, concave, without a well-defined rim. Genal 
spines absent, unless they were borne by the epistomal plate, 
which is unknown. 

Surface of glabella granulose. Surface ornamentation of 
brim consisting of irregular, anastomosing radial ridges. 

Thorax unknown, Pygidium narrow and long, with a short, 
conical axis showing a few segments, and flat pleura turning 
backward and inward, extended into a pair of flat spines. 
Genotype. ConocephaUtee zenkeri Billings. 

Stratigraphic range: late Upper Camibrian. 

LOGANOPELTOIDES ZENKERI (Billings). 

Plate 1, Pigs. 

QonocephaUtes zenkftri Billings, 1860, Canadian Naturalist, S, p. 305, fig. 4; 
1868, Geol. Canada, Geol. Surv. Canada, p. 288, fig. 268. 1865, Geol. Surv. 
Canada, Pal. Foss., 1, p. 898, fig. 875. 

Ptychoparia zenkeri Miller, 1889, N. A. Geol. Pal., p. 666, fig. 1062. 
LoffcmapeUia zenkeri Rasetti, 1948, Jour. Pal,, 17, p. 104; 1944, Jour. Pal., 
18, p. 248, pi. 88, figs. 27, 28, 47. 

A description of this species has been given by Billings and 
supplemented by the w-riter. Here we will only add a few 
remarks regarding the sutures. After the discussion of this 
species was written,^® a few well-preserved specimens have 
become available. One such specimen is a perfect impression 
of a small cephalon, whose cast is illustrated in PI. 1, Eig. 2. 
After careful study of all the material on hand, the author 
has concluded that the only dorsal suture existing in i. zev^eri 
is a suture running forward and outward from the eye to- the 
margiu of the cephalon ; i. e., a suture occupying the position 
of the anterior branch of the facial suture of ordinary trilobites. 
In the above-quoted paper, no doubt was left about the 
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presence of this suture, and the ahsence of a suture occupyi^ig 
the position of the posterior branch of the facial suture in 
opisthoparian trilobites. However, it was questioned whether, 
instead of one, there might not be two closely parallel sutures 
running forward fi'om the eye. In other words, it appeared 
possible that L, zerdeeri was a proparian trilobite, possessing 
an exceedingly iiarrow libragene limited by two parallel sutures. 
The examination of the better-preserved material now available 
clearly indicates the existence of only one suture. 

It must be noticed that this suture presents a peculiar 
characteristic, which, as far as the writer knows, is not shown 
by any other trilobite. The facial sutures of trilobites usually 
do not correspond to elevations or depressions of the shield, 
but run across furrows and ridges, so that unless the shield 
has come apart along the sutures before fossilization, the course 
of the sutures is difficult to detect. In L. zenheri, however, the 
suture follows the sum m it of a ridge, i.e., the test on either 
side of the suture is turned upward. This feature clearly 
appears both in complete cephala, such as the one figured, and 
in specimens in which the posterolateral portions of the cephalon 
have been broken off. Such specimens definitely show the 
regular outline of the shield in front of the eye, where the 
break has followed the suture, as contrasted with the irregular 
fracture back of the eye, where no suture is present. 

Formation and locality: Upper Cambrian boulders (Hwnr 
gaia magnifica zone) in the Levis conglomerate, at L4vis, 
Quebec. 

LOGANOPELTOIDES MINUTUS (Easetti). 

Plate 1, Pig. 1. 

Loffoaopeltis mkmta flasetti, 1944, Jour. Pal., 18, p. 248, pi. 38, flg. 26. 

This species was founded on a pygidium. In the Upper 
Cambrian boulders of the Ldvis conglomerate, besides L. zenkeri, 
there occurs the cephalon of another species, which is tenta- 
tively assigned to L. mvrmtibs. 

The cephalon differs from that of L. zenkeri in possessing 
a relatively smaller, less convex glabella, and somewhat deeper, 
pit-like first and second glaheUar furrows. The brim is not 
turned up vertically as in L. zenkeri, but has a slightly/ convex 
rim. 

In this species, there certainly is no suture running backward 



from the eye, and there is at least one anterior suture. In this 
case, however, the possibility of the presence of two closely 
parallel sutures cannot be excluded. The examination of the 
almost perfect cephalon figured in Plate 1, Fig. 1, would rather 
suggest two parallel sutures, as there evidently is a narrow 
strip, running forward from the eye, on which the test is 
absent. This might represent a missing libragene, but there 
is also the possibility that the test on both sides of the suture 
was turned upward as in X. zenkeri, and was broken off in 
extracting the specimen from the matrix. It seems difficult 
to decide this point until more matenal becomes available. 

Formation and locality: same as for the preceding species. 

LOGANOPEXTIS Basetti, 1943. 
LOGANOPELTIS DEPRESSA Rasetti. 

Plate 1, Pigs. 4-7. 

LoganopelUs depreasa Pasetti, 1948, Jour. Pal., 17, p. 108, pi. 19, figs. 1-8. 

There is nothing to add to the description of this species. 
Scores of excellently preserved cephala have been examined, 
and there is no question that, as already stated, dorsal sutures 
are Wholly absent. 

Two cephala are illustrated, chiefly in order to show the 
characters of the eye. There is a well-developed palpebral 
lobe, and the visual surface is clearly defined, but the facets 
cannot be distinguished. Notwithstanding the lack of dorsal 
sutures, the structure of the eye does not appear to differ 
essentially from that of opisthoparian trilobites. 

Formation and locality: Lower Ordovician boulders in the 
L4vis conglomerate, associated with Leiostegkm sp., Symyhy- 
subrma sp., PUelcia apoUo (Billings), Metapliomer&ps eryau 
(Billings), KaineUa orientalis Rasetti, and other species of 
early Canadian age ; L4vis, Quebec. 

DISCUSSION AND CONCDUSIONS. 

The first conclusion that may be drawn from the descriptions 
and illustrations of the trilobites Logmwpeltoides and Logcmo- 
peltis is the close affinity between the two genera. The resem- 
blance in all details, excepting the sutures, is striking, especially 
when one considers the unusual combination of cephalon and 
pygidimn. It seems difficult to deny the relationship between 
the two genera. Since Log dnopelt aides is of late Upper Cam- 




EXPLANATION OF PLATE , 

Fig 1 Loganopdtoides minuius (Rasetti), cephalon, x8, Laval Univ 
no 1180, plesiotype 

Figs 2-3 Loodnopelioides zenkeri (Billings) 2. cast of the impression of a 
perfect ccphalon, x4, U S N M no 111725f plesiotypo 3, pygidium, 
x6, Laval Umv no 1181, plcsiotypc „ , i 

Figs 4-7 Loganopeltis dcprcssa Rasctti 4, side view of a small, perfect 
cephalon, x6, showing the structure of the eye 5, top view of the same 
cephalon, x4 6, a larger cephalon, x4 7, pygidium, x6. Laval Umv 







Logauopeltoides and Loganopeltis, 49 

brian age, and Loganopeltis of early Canadian age, it is likely 
that the latter is a direct descendant of the former. 

Logamopeltoides has dorsal sutures of a very unusual type, 
i.e., the anterior branch of the facial suture is like that of an 
or^nary opisthoparian trilobite, but there is no corresponding 
posterior branch. Two hypotheses might be suggested to 
account for the lack of a posterior suture: (1) Logauopeltoides 
derives from an opisthoparian trilobite, and the posterior 
branch of the facial suture is in a state of symphysis; (2) 
Logamopeltoides derives from a proparian trilobite, in which 
the two branches of the facial «suture became closer and closer 
to each other, until the libragene completely disappeared, the 
two sutures becoming one (L. zmkeri)^ As discussed above, 
if this interpretation is correct, L. minutus might represent an 
intermediate stage, in which the two sutures had not quite 
coalesced into one. 

In either case, it is obvious that a suture as present in L. 
zenkeri would be of little use to the animal in ecdysis, and 
hence would tend to become obliterated by symphysis. This 
is precisMy what the writer believes to have taken place, 
Logamopeltoides having evolved into Loganopeltis, in which 
the dorsal sutures are lacking. 

It is also clear that Loganopeltis, according to Beecher’s 
classification, would be placed in the Hypoparia. Actually, 
this genus closely resembles the Harpidae in all respects, and 
should probably be placed in that family. On the other hand, 
if our interpretation is correct, this hypoparian trilobite 
evolved from species that possessed sutures, either of Ithe 
opisthoparian or of the proparian type. In either case, the evi- 
dence presented tends to, show that the hypoparian character 
of the sutures in Loganopeltis is not primitive, and there is 
no particular reason why the same arguments should not apply 
to other post-Cambrian Hypoparia, such as the Harpidae and 
the Trinucleidae. 

The writer wishes to express his indebtedness to Dr. G. 
Arthur Cooper for permitting the examination of specimens 
in the collections of the XJ. S. National Museum. He is also 
indebted to Dr. C. H. Kindle for suggesting the possibility 
that some species of Logamopeltoides might possess proparian 
sutures. 

Am. Jotje. Sci — ^Voi. 248, No. 1, Jamvaet, 1945, 
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SCIENTIFIC INTELLIGENCE 

Physics and Chemistry. 

Experimental Spectroscopy ;hy R. A. Sawyer: Pp. viii, 828. New 
York, 1944* (Prentice-Hall, Inc., $4.60). — The English literature 
on spectroscopy contained several excellent theoretical treatises, but 
apparently no authoritative exposition, in book form, of modern 
experimental techniques. This deficiency has been removed by the 
publication of Sawyer’s book. 

Starting with an historical introduction to spectroscopy, the 
author treats m a careful manner first the various appliances of 
the science and their use, then turns his attention to several specific 
functions of spectroscopy and shows how they may best be performed. 
The pages contain a great amount of useful information of a type 
that can be accumulated only through an experience as long and 
rich as the author has enjoyed in this field of work. 

“The purpose of this book is to discuss prism and grating spec- 
trographs and the teclmiques of their use in research. It is designed 
for students of spectroscopy and for those in research laboratories 
who wish to make use of spectroscopic procedures. For tliis reason, 
extensive mathematical treatments have been avoided j a background 
of general physics and some physical optics should be sufiicient for 
an understanding of the presentation.” henry marqenau. 

Chemical Engineeringt Nomographs', by Dale S. Davis: Fp. ix, 
311 j 201 figs. New York and London, 1944 (McGraw-Hill Book 
Co., $3.60). — The purposes of this publication, as stated by the 
author in his preface, are (1) to select critically a limited number 
of nomographs of practical value to the profession, and (2) to 
present these charts suitably grouped and indexed. The volume 
seems to accomplish these purposes satisfactorily with the possible 
exception that the selection was not critical enough. Several of 
the charts included appear to be of somewhat limited utility. 

Many equations which would be of interest are not included in 
this first edition. Subsequent editions should correct this. How- 
ever, the inclusion of an equation such as “a Nusselt-typc dimen- 
sionless equation correlating data for fluids flowing upward at 
low velocities in vertical pipes” in the heat transfer section is hardly 
justifiable when the more important Dittus-Boelter equation is 
omitted. 

The voljjime is well indexed. References are sufficiently complete 
that the reader can immediately locate the source of any equation 
appearing in the book. Limitations of the equations are given, 

CHARLES A. WALKER. 
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Magnetochemistry ; by Pierce W. Selwood. Pp. ix, 287 ; 80 figs. 
New York, 19441 (Interscience Pub. Corp,, $6.00). — In his pre- 
face the author of this book mentions that in tlie nine years since 
the publication of the works of Van Vleck, Stoner, Klemm, and 
others, on magnetochemistry over one thousand papers on the 
subject have appeared. The results of the application of mag- 
netic measurements to the solution of chemical problems are, 
therefore, certainly deserving of tlie review and summary which 
they receive in this book. The book is complete in itself; the 
principal methods of measurement, the theories involved, as well 
as the more recent results all receive treatment. 

In the first chapter on "Measurement of Magnetic Susceptibility” 
all the more important types of measurements are discussed. The 
several simple but clear sketches make immediately apparent the 
essential features of the Gouy method, the Quincke method, the 
Faraday balance, the Curie-Ch6neveau balance, the Rankine 
arrangement, etc. No very detailed discussion of any of these 
methods is given, but copious references to the original literature 
(here and throughout the book) afford the interested reader all 
the lead he may need. Atomic and ionic diamagnetism are treated 
in a short second chapter. The chemist will find more to interest 
him in Chapter III, “Molecular Diamagnetism.” Here the dia- 
magnetic susceptibility of water, important as a standard substance, 
receives considerable attention. Here also Pascal’s constants are 
discussed and applied. That the diamagnetism of molecular 
mixtures remains a field open for study is expressed by th|e 
author in his refreshing style as follows : “Investigators seem to 
be divided into three groups, those who find wid6 positive devia- 
tions, those who find wide negative deviations, and those who 
find the susceptibility to be a strictly linear function of the con- 
centration, all, of course, working with the same solution.” Mag- 
netic studies of polymerization, magnetic studies applied to various 
structural problems, the amsotropy of molecular crystals, and the 
susceptibility of liquid crystals are discussed. Chapters on atomic 
and molecular paramagnetism follow. After a theoretical dis- 
cussion recent measurements of the paramagnetism of many of 
tiie metals are summairized. The expanding field of molecular 
paramagnetism receives considerable attention. The extensive work 
on the hexa-arylethanes is discussed briefly as are other applica- 
tions in the field of organic chemistry. A lengthy chapter on 
complex compounds affords for the inorganic chemist' perhaps the 
most interesting section of the book. The importance of such 
compounds in biotdieaxiistry and in analytical chemistry >is brought 
out by the discussion of the iron complexes. The subjects of' 
metallic dia- and paramagnetism, ferromagnetism, and a chapter 
bn applied magnetometric analysis complete the book. 
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This monograph should prove valuable as a reference work to 
those working in the field of magnetochemistry as well as to those 
seeking to round out their knowledge of chemistry in general. 
The book manufacture is especially good for one published in 194!4<. 

, HENRY C. THOMAS. 


, Geology. 

Macquarie Island' Its Geography and Gefology; by Douglas 
Mawson. Pp. 194 (quarto), 46 figs., 37 pis. Government Print- 
ing Office, Sidney, Australia, 1948. Price =61.15.0. — Macquarie 
Island lies between the Tasman Sea and Antarctica, south of a point 
nearly midway between Tasmania and New Zealand, near latitude 
54® 30' S., longitude 169® E. Its long dimension, extending 
slightly east of north, measures about 21 miles; the width, remark- 
ably uniform, varies between 1% and 3 miles; the total area is 46 
square miles. Shores of the island are for the most part rocky, and 
inside a narrow wave-cut bench the borders nearly everywhere rise 
steeply several hundred feet to a rather subdued plateau surface 
surmounted by scattered low peaks and dimpled with depressions in 
which are numerous small lakes. The highest points, in the south- 
ern part, are slightly over 1,400 feet above sea level. 

Soundings, in connection with isolated islets, indicate that the main 
island is the summit of a north-south ridge 160 miles or more in 
length. East of the island the bottom slopes steeply from the 100- 
fathom line, a mile or two offshore, to considerable depths. On the 
west, however, an undulating seafloor extends at shallow depth for 
several miles to the edge of the steep submarine slope. Deep water 
separates the Macquarie ridge from the Australasian lands to the 
north. 

No attempt at a comprehensive scientific survey of Macquarie was 
made until shortly before the first World War, when some members 
of the Australasian Antarctic Expedition spent two years on the 
island. L. R. Blake, cartographer and geologist of this party, 
was later killed in action in France. Before he entered the army, 
however, he turned over to Dr. Mawson his maps, notes, and speci- 
mens from the study on Macquarie. These materials supplied the 
chief basis for the present monograph. 

The bedrock consists of mafic igneous rocks, both extrusive and 
intrusive. A thick series of basaltic lavas forms the oldest exposed 
unit. This series was invaded by gabbroic masses and some ultra- 
mafic dikes, and was severely folded. Erosion exposed the intrusive 
bodies prior to eruption of another thick succession of basalts and 
related pyroclastics, the "younger basic group.” These later vol- 
canic products were largely of submarine origin, since they are 
characterized by pillow structure and palagonite, and inclose masses 
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of consolidated Globigerina ooze. Thus the region has experienced 
both elevation and depression on a considerable scale. 

One of the most interesting geologic aspects of the island lies in 
the testimony it bears to large-scale glaciation. Glacier ice moved 
eastward across tlie entire summit of the island from an area now 
occupied by deep sea. The extent of the land mass indicated by the 
glacial evidence can only be conjectured; presumably it had an area 
vastly larger than the present island. Lithology of the till is for 
the most part similar to that of the visible bedrock units. However^ 
the till contains also numerous fragments of serpentmized dunite 
not found in situ. Scattered blocks of sandstone of unknown origin 
are found also^ and two large pieces of granitic rock are of unusual 
interest in view of the universally mafic composition of the bedrock. 
However^ since both pieces were found near the shore it is possible 
they were carried from afar by floating ice or even by man. 

There is strong presumption that warping and faulting in late 
geologic time carried most of the former land mass below sealevel. 
Macquarie Island has the form of an elongate horst, and the steep 
descent of the seafloor off the east coast suggests a youthful fault 
scarp. Destruction of the island by wave erosion is proceeding 
rapidly; however, this process unaided could hardly have consumed 
a mass several times as large as the present island during the short 
time-interval since the late Pleistocene. A wave-cut platform, 
especially pronoimced along the northern part of the west coast, 
stands as much as 40 feet above present sealevel. Seismic disturb- 
ances centering in the vicinity of the island have been recorded in 
recent years. 

The writer of the report is to be congratulated on excellent pre- 
sentation of the data on Macquarie without direct help from the 
principal field worker. Numerous good halftones give a clear con- 
ception of the dominant features of the island. The report includes 
comprehensive meteorological data and considerable information on 
the plant and animal life. All of the scientific material has unusual 
significance, because the island is the only land mass of any con- 
sequence in an expanse of ocean much larger than the entire United 
States. CHESTER R. LONGWELL. 

Miscellaneous Scientific Intelligence. 

Mitosis f The Movements of Chromosomes in Cell Division; by 
Franz Schraeer (No. XIV of the Columbia Biological Series), 
Pp. X, 110. New York, 1944 (Columbia University Press, $2.00). 
— The brevity of Professor Schrader’s treatment of mitosis may 
come as a surprise to some, but is in keeping with our limited 
knowledge of the fundamentals thereof. The text has the clariiy, 
incisiveness, and provocative quality that might be expected from 
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the author. It is not so much a summary as it is a critical inquiry 
into the problems of mitosis. 

A short introductory chapter in which it is made clear that the 
term “mitosis” is used in the “old, inclusive sense,” is followed by 
a thirty-four page discussion of structural aspects of mitosis in 
living and fixed cells. The arguments for and against the reality 
of spindle fibers are carefully weighed in the light of the available 
evidence. That the spindle has a fibrous structure is conclusively 
established. The difficulties of observing fibers in the living spindle 
are chiefly optical and lie in the fact that refractive indices of the 
spindle substance and the fibers are, in most cases, identical. The 
nature and origin of the spindle and its relation to central bodies 
and the chromosomes are carefully treated. Although cytoplasmic 
elements may be involved, it is clear that the principal spindle ele- 
ments are nuclear in origin and develop under the influence o^f the 
chromosomes. The organization of these elements into the spindle 
is influenced by the central bodies which are usually extra-nuclear, 
but are known to be in some way related to the kinetochores. Of 
the more than 27 terms applied to the spindle attachment region 
of the chromosomes, Schrader prefers kinetochore. 

How the spindle is organized from the nucleoplasm is a basic 
problem approached in the third chapter on “hypotheses of 
mitosis,” along with the various suggestions as to the mechanism 
of separation of the chromosomes. Contraction and expansion of 
fibers, viscosity and hydration, electrostatics, diffusion, streaming, 
hydrodynamics, are all considered. It is indicated that advances 
in our knowledge of tactoids offer hope in understanding the struc- 
ture and functioning of spindles. Emphasis is placed on the increas- 
ing evidence of chromosome autonomy in the mitotic mechanism. 

In a fourth chapter on related problems, the incompleteness of 
our knowledge of the properties of the nuclear membrane, the 
kinetochore, and the fine structure of the chromosome is emphasized. 
There can be no doubt that a clear understanding of the physical 
and chemical nature of chromosomes and their reproduction is pre- 
requisite to the full solution of the problem of mitosis. 

There is a bibliography of eighteen pages and an index. 

D. F. POULSON. 
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Kansas Geological Survey, Bulletin 65. Geology and Ground-Water 
Resources of Finney and Gray Counties, Kansas; by B. P. Latta, 
Lawrence, 

Illinois Geological Survey Report of Investigations as follows; No. 49. 
Developments in the Eastern Interior Basin in 1948; by A. H. Bell; 
No. 50. Oil and Gas Development in Illinois in 1948; by A. H. Bell 
and 0. W. Carter; No. 93. I^ogress Reports on Subsurfkce Studies of 
the Pennsylvanian System in the Illinois Basin ; No. 96. DlfPerCutial 
Thermal Analysis of Clays and Shales, a Control and Prospecting 
Method; by R. E. Grim and R. A. Rowland; No. 98. Smaller Pora^ 
minifera from the Porters Creek Formation (Paleocene) of Illinois; by 
C L Cooper; No. 99. Domestic Coke from Illinois. Coals and Experi- 
mental Solt>-Heated oven; by F. H Reed and H. W. Jackman. Urbana, 
1944 
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Roberts. Fourth edition — ^revised. New York, 1944 (Nordeman Pub. 
Co., $8.75). 

Chemical Engineering, Nomographs; by D. S. Davis. New York,’ 1944 
(McGraw-Hill Book Co., $360). 

A Life of Travels; by C. S. Raflnesque. Waltham, Mass., 1944 (Chronica 
Botanica, $2.50). 

The Universe Around Us; by Sir James Jeans. Fourth edition. New 
York, 1944 (Macmillan Co., $8.75). 

Geologia Do Brasil; by A. I. De Oliveira and O H. Leonardos. 2nd 
Edition. Service of Information Agriculture, Mmister of Agricultura, 
Rio De Janeiro, Br^il, 1943. 

They Hop and Crawl; by P. A. Morns. Lancaster, Penna., 1944 (The 
Jaques Cattell' Press, $8.60). 

Papers of the Peabody Museum of American Archaeology and Ethnology^ 
Vol. XXII, No. 1. Archaeology of Northwestern Venezuela; by 
A. Kidder; No. 2. NavaKo Witchcraft; by C. Kluckhohn. Cambridge, 
Kfoss., 1944. 

Elfeusents of Geology for Western Australian Students; by B. de C. Clark, 
R. T. Prider and C Teichert. Crawley, Western Australia, 1944 (The 
University Book Shop 21/-), 

Meditations on Granite, by H, H. Read; Part I and II. Reprinted from 
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NOTES ON THAMNOCBINUS SPBINGEBI 
GOLDRING AND OTHER HAMILTON 
CRINOIDS. 

WINIFRED GOLDRING. 

ABSTRACT. Two young specimens of the camerate crinoid Thamno- 
crinm springeri Goldring , have been recently collected, the younger of 
which preserves the tegmen hitherto unknown. New material permits 
additional observations on other previously described Devonian (Hamilton) 
crinoids from New York State. 

I. YOUNG FORMS OF THAMNOCRINUS SPRINGERI GOLURING. 
Plate 1, figs. 1-3. 

T hrough the courtesy of Mr. Max J. Kopf of Lancaster, 
New York, it has been possible to study two young speci- 
mens of Tharm^crinus sprmgeri Goldring, collected by him 
in 1942 from the Moscow shale, Liringston county, New York. 
The younger specimen shows the tegmen, which was not pre- 
served in the cotypes described by the author in the Devonian 
Crinoids of New YorJe (N. Y. State Mus. Mem. 16, 1923, p. 243, 
pi. 26, figs. 8 tolO). The theca in this specimen has a height 
of 11 mm. and a diameter across the tegmen of between 11 mm. 
and 12 mm., indicating a quite young specimen as compared 
with the mature form which, in the more complete type (ref. 
cit., figs. 9, 10), shows a height of 17 mm. and a breadth of 
20 mm. 

The tegmen has a distinctly lobed appearance. It is low 
with depressed interambulacral areas and pronounced ridges 
marking the ambulacral areas. A large spine (broken stump 
only left), 2 ram. in diameter at the base, is located between 
the two main arm divisions in each tegminal axil. It rises 
from a socket at the end of a protuberance composed of small 
plates. The interradial depression between each two spines 
is deep. On each side and forward of this large spine, above 
each main arm division, is a small spine or spinose tubercle 
which must develop into the strong spines of the mature form. 

Am. Jour. Sci. — ^V oi 243, No. 2, Frbh.uab,t, 1946. 
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giving with the central large spine three spines to the ray. 
The anus is exeentric, at the end of a short tiihe or protuher- 
ance about 2.6 mm. high. At the base, anteriorly, is a small 
spine or spinose tubercle which develops into a strong spine 
in the mature forms ; posteriorly, at the base, are three spinose 
tubercles. The plates of the d^ressed areas of the tegmen, 
between the large spiness ate o-ccupied hy comparatively small 
plates just in back of the flexible integument which is the 
continuation of the interradial plates from the level of the 
secundaxil to the place where the arms of adjacent rays meet, 
at the first quartibrach in the young forms. The only mature 
specimen showing the tegmen belongs to another species, T, 
devonidtis Springer, from the Hamilton of Clark cotinty, 
Ilidiatia. In this form the tegmen is highly arched and infiated, 
with deep interradial constrictions. The height is approxi- 
mately that of the dorsal cup. The anal opening is situated 
high up in the tegmen. Protuberances rise above the high 
radial lobes. They are hollow and composed of small plates 
which form the sockets for the large spines. There are three 
large spines to a ray, two above each pair of arm bases and a 
larger ofae between them in the tegmilial axil. 

The dorsat mp measures 9 inm. tc the top of the securid- 
axil id the smaller specimen ; 141.6 mm. in the other. Iti both 
specimens the cup is subpentagoiial ifi cross-SeCtion, as in the 
mature forms, due to the strddg ridges that extend tip the radial 
iSeries and the flattened iiiletradial areas. Of the three hex- 
agonal basalS the adterior, aftd largest, diie sho^s a tnediah 
Shttire, indicating that this plate iS composed of fWo smaller 
pentagonal plates, hot completely anchyldsed. This feature 
is net shbwh iti the medium-sized specimen, here discussed nor 
in either of the mature forms, the cotypes. In the regular 
ihterradii the primatjr interbrachial la comparatively large and 
followed by ttro somewhat smaller plates ifi the second tadgS ; 
ill the third afad fohdwidg radges the plates follow id the 
series 0, 3 or 4, 3 or 4, 0 (at first tertibrach). There is a median 
lid§ of anal plates in the pbstefior interradius extending dp to 
the base of the anal tube. The proximal adal is of about the 
size of the radialS and iS followed by three id the second rank 
and then the series 6, *?, 7, 6, 3 (at atm base). The anal ihter- 
radius shows a decided bulge above the primary anah Id the 
medium-sized specimen the plates of the adal interradiuS are 
not preserved above the third range. 
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*rhB anihs are not preserved far enough to show all the 
divisions. The anterior and left posterior rays preserve two 
divisions above the primaxil ; the mature forms (the cotypes) 
show four divisions, giving five arms to each half ray. In the 
youngest specimen adjacent arms appear to meet at the first 
quartibrach, in the mature specimens at the quintaxiL The 
interbrachials between each half ray show the series 1, 2, 3. 
The flexible, triangular-shaped integument of small plates 
between the main arm trunks of adjacent rays measures 2 mm. 
in width at the base and 3 mm. in height in the smallest speci- 
men ; 3.5 mm. wide and about 5 mm. high in the medium-sized 
specimen. The point of flexure of this pliant integument seems 
to be about at the base of the secundaxils in the medium-sized 
specimen. This is not shown in the youngest specimen as the 
aims are not bent back. 

The orficmentation in the youngest specimen, in addition to 
the spines on the tegmen and the ridges extending up the radial 
series consists in the interradfial areas of iidges radiating from 
the center of each plate to all the edges. These ridges are 
particularly well-developed from the first to the fourth series 
of plates in the regular interradiii In the anal interradius 
they are well shown only on the primary anal and the plates 
of the second range. Obscure ridges may be seen on the plates 
of the third range. These radiating ridges are obscurely seen 
m the interradii of the medium-sized specimen, here discussed, 
and the eriialler of the cotypes {ref. cit., plate 26, fig. &). 
Thd first ittterbrachial between 4he main arm divisions shows 
ciffioure radiating ridges in the youngest specimen- 

All the changes from the youngest specimen, through the 
Biedittni-sized specimen to the inatnre forms seen in the cotypes 
are Only such changes as might be expected in the growth 
stages of the species. 

n. NEW OBSEEVATIONS ON OTHER HAMILTON CRINOIDS. 

Through the courtesy of Mr. Irving G. Hehnann, Curator 
of Geology in the Buffalo Museum of Science, it has boen 
possible to study his recent collections of previously described ' 
species of Hamilton crinoids. Additional observations have 
been made upon the camerate species G^eftsoorinwie Midti- 
calcaratiis Goldring, Gemmeacthmi frttmrmtae Goldfing# Me^- 
itiacrimts depres&us Hall, MelocfwMes powetli (Goldifing), 
Dolatocrimis cf. bidbcuieous Miller and Gurley and CyttoTCh 
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crvnus eHensis (Hall) and the inadunate species Botryocrmus 
crasstts (Whiteaves) and Poteriocrmites kopfi (Goldring). 

Gilberts ocrinus mvUicalcaratm- This species was first de- 
scribed in the Annals of the Carnegie Museum (vol. 24, p. 352, 
pi. 26, figs. 5, 6, 1935) and was based upon a specimen in which 
neither the arms nor the tegmen are preserved. The specimen 
in the Buffalo Museum, E13984, comes from the Moscow (Eash- 
ong) shale. Eleven Mile creek, Darien, New York. It is poorly 
preserved ; but it shows part of one arm, a small portion of the 
tegmen with the bases of two interradial appendages, two large 
radial plates with long, strong spines and one interradial plate 
with no spine, so that there is no question as to identification. 
The tegmen is flat, composed of comparatively large plates, 
which apparently are papillose or have a small, central tubercle. 
The one arm is preserved for a length of 2^ cm. and is uni- 
serial, with brachials wider than high and none of them show- 
ing a tendency toward wedge shape. The pinnules are long 
and slender, at least 11 mm. long and probably considerably 
longer, with long ossicles several times longer than wide. The 
arm is so preserved that nothing can be ascertained as to 
bifurcation. Of the species for which arms have been found 
G. spimgerus (Hall) has, through bifurcations, four arms to 
each ray (20 arms) ; G. mterscvlptm Goldring has usually 
six arms to the ray (30 arms), though a specimen with five 
arms in one ray is known ; a specimen referred to G. aZpenensis 
Ehlers apparently has four arms to the ray. In the last two 
species the arms are compactly biserial, in spimgerus uniserial. 

Germaeocrmus mourantae. A third specimen of this species 
(E13893, Buffalo Museum of Science) has come from the Lud- 
lowville (Olentangy) shale, old dam on Ausable River, Arkona, 
Ontario. In this topotype the arms are preserved for a length 
of 35 mm. to 40 mm. A typical arm is 2 mm. wide near the 
base (thickest part) and 1-3 mm. wide near the limit of preser- 
vation. In the original description (Bui. Buffalo Soc. Nat. 
Sci., vol. 15, no. 3, p. 187, pi. 2, figs. 1-5, 1934) the arms were 
noted as six to the ray, the inner arm of each pair bifurcating 
once. In the specimen under consideration three rays show 
six arms, but seven are present in the right anterolateral ray 
and possibly seven in the left anterolateral ray (a break caus- 
ing the uncertainty) . In the posterior half of the right antero- 
lateral ray the left (posterior) branch of the inner pair 
branches again a few millimeters above the first bifurcation. 
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giving four arms to this half ray. If the left anterolateral 
ray bears seven arms, as indicated, the right (posterior) half 
ray has both the inner and outer arm bifurcating once; the 
other half ray has three arms in the normal manner. Apparently 
there is some varialbility in the numiber of arms of this species. 

Megistocrmus depresses. A comparatively young specimen 
(E13977, Buffalo Museum of Science) from the Moscow 
(Kashong) shale, Eleven Mile creek, Darien, New York, pre- 
serves a portion of the column, not described or figured hitherto 
for the species depresms. The column is similar to that of 
Megistocrw/as Ontario Hall as figured by the writer on plate 
34, figure 9 of Devormm Crinoids of Nem York (N. Y. State 
Mus. Mem. 16, 1923). The proximal portion of the column is 
preserved for approximately 16 mm. It consists of nodals and 
intemodals, the nodals much thickened and projecting in a 
striking manner, the diameter of the largest nodal being 6.3 mm. 
and that of the intemodals 3.4 mm. The nodals are in four 
ranks or sizes in the portion preserved. Between two of the 
largest, or first rank, nodals occurs one of the second rank and 
between the latter and each of the first rank albove and below 
occurs one of the third rank, which indicates the manner in 
which the column was lengthened. 

The specimen here discussed is a crushed and partial cup 
showing two radii and two regular interradii. One radius 
shows four free arms, the other two, which is characteristic 
of the species in which the anterolateral rays bear two arms 
each and the others four. The ornamentation is delicate as 
in the young specimen figured on plate 33, figures 10, 11 of the 
memoir cited. At first glance the inclination would be to 
refer this specimen to M. Ontario^ because of the character 
of the ornamentation and the similarity in the structure of the 
column ; but the cup is more globose than in that species and 
has the narrower interradii of M. depressits. The ornamenta- 
tion in depresses is variable. A mature specimen in the Buffalo 
Museum of Science (E14117) from the Moscow (Kashong) 
shale, Bowen Brook, Erie county, New York, shows ornamenta- 
tion similar to that of M. Ontario and in another specimen 
(E16566) from the Ludlowviille (upper Wanakah) shale, Caz- 
enovia creek, Springbrook, New York, the plates of the tegmen 
are covered with a spider web-like ornamentation reminiscent of 
M. Ontario^ though in other respects the specimen has the char- 
acteristics of M. depress^. 
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Melocrimtes poweUi. In the Devonian Crinoids of New York 
the writer described and figured (ref. cit., p. 142, pi. 16, figs, 
T, 8) as Melocrvmis sp. nov. a very characteristic arm trunk 
from the Hamilton (Moscow) shale, Kashong creek near Bel- 
lona, New York, and referred to it a considerable length of 
column from the same locality, since similar parts of column 
were associated with the arm. Later, in a collection loaned by 
Percy R. Powell of Niagara Falls, New York, was found a 
dorsal cup of a mature form to which was attached a column 
in all respects like the one figured in the memoir and a very 
small portion of one arm trunk, which seemed to indicate that 
the arm described as Melocrmm sp. nov. belonged to this 
species. This specimen from the Moscow shale, Bowen creek, 
Genesee county, was described as Melocrimts poweUi. To these 
species was also referred the tegmen of another specimen from 
the same locality (Ann. Carnegie Mus., vol. 24, p. 356-358, 
pi. 25, figs. 3, 4, 1935). 

The Buffalo Museum of Science collection contains a young 
specimen (E13889) from the Kashong shale of Bowen brook 
(or creek) which shows considerable portions of two anm 
trunks, the proximal portion of the column and the lower 
portion of the tegmen on the posterior side, establishing the 
correctness of the reference of the separate arm trunk and 
tegmen to M. poweUi. The posterior interradius has been seen 
for the first time in this young specimen. It is comparatively 
broad and bulging, but unfortunately somewhat crushed. The 
median line of plates is preserved to the seventh. The primary 
interbrachial is slightly larger than the radials ^nd is followed 
by three smaller plates in the second rank, apparently seven in 
the third, above which are many small plates merging into the 
small tegminal plates. The radial ridges are well shown on 
the plates of the posterior interradius, particularly those in 
the lower ranks. A specimen (E13975), probably more mature 
than the type, comes from the Moscow (Kashong) shale, 
Eleven Mile creek, Darien, New York. The crenulated edges 
of all the plates are well shown, though best displayed from 
the primibrachs on. The infrabasals have strong basal projec- 
tions, the radial ridges are strong and the plates of the dorsal 
cup are thickened at the margins into flattened ridges which 
occur usually in three series, giving a nested appearance. 

Dolatocrimis cf. bnlboeetis. This species has not hitherto 
been reported from New York State, and no closer identification 
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than the above is justified by the presei-vation of the specimen 
from the Moscow (Kashong) shale, West Alden, New York, 
(E14i619 in the Buffalo Museum of Science). This specimen 
fulfils the requirements of D. bulbaceous as described by 
Springer (U. S» Nat. Mus. Bui. 115, p. 42, 43, pi. 11, figs. 1“3, 
1921) in ornamentation, character of the radials, as far as 
preserved (through second secudibrachs), and interradials. In 
one interradius it is not possible to tell whether the second plate 
is heptagonal and in another the second plate is followed by 
two plates in the third row, as noted and figured by Springer. 
The tegmen seems to have been composed entirely of a few 
large plates, two large, lozenge-shaped plates meeting tlie 
third row of interradials. The anal tube is central or nearly 
so. On both sides in each ray a small plate rests upon the 
second interradial and the first secundibrach, a feature appar- 
ently shown only by D. hulhaceus. The type figured by Miller 
and Gurley (Bui. HI, State Mus. no. 4, p. 22, pi. 2, figs. 13-15, 
1894) is referred to by Springer {ref. cif., p. 43) as an abnor- 
mal specimen, incorrectly drawn. Springer describes this spe- 
cies as a wide ranging form and cites it as recorded only from 
the Hamilton limestone of Louisville, Kentucky, and vicinity 
and Thedford, Ontario {Dolatacrmm svibaculeatus Whiteaves, 
a synonym). 

Cyttarocrinus eriensis. The holotype and only known speci- 
men of this species from its original description in 1862 (Hall; 
16th Ann. Kept. N. Y. State Cab. Nat. Hist., p. 119, pi. 1, 
fig. 1) until 1936 is in the American Museum of Natural 
5023 

History, No. — (Hamilton group, Hamburg, Erie county, 

New York.) In a collection loaned for study in 1936 by Percy 
R. Powell of Niagara Falls, New York, was found a dorsal cijip 
from the Ludlowville shale (Wanakah member: Pletirodictyum 
beds), Wanakah, New York. Recently the Buffalo Museum 
of Science has acquired a crushed dorsal cup (E13895) col- 
lected by Max J. Kopf of Lancaster, New York, from the Lud- 
lowville shale, Windom, New York. 

Botryoermus cressus. This species described by Whiteaves 
in 1887 (Contr. Can. Pal. vol. 1, pt. 2 advance sheets, p. 96; 
1889, pi. 12, fig. 2) was redeserjbed by Bather in 1906 (Ottawq. 
Naturalist, vol. 20, no-. 6, p. 101) from the holotype iiji the 
Museum of the Geological Survey of Canada, a specimen from 
the Hamilton, near Thedford, Ontario. Specimens were not 
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known from any other locality until the writer came across 
an incomplete dorsal cup in the collection of Percy R. Powell 
of Niagara Falls, New York, from the Ludlowville shale (Wana- 
kah member, Demissa beds). Highland Acres, Erie county, 
New York. Bather {ref. cit.) notes slight traces o'f shagreen 
ornamentation on the posterior basal and anterior radial, but 
the surface of the holotype is not well-preserved. The writer, 
in the description of the Powell specimen (Ann. Carnegie Mus., 
vol. 24, p. 361, 1935) notes that shagreen ornamentation is 
very distinct on the infrabasal and basals (no radials pre- 
served.) A third specimen (E16555 in the Buffalo Museum of 
Science), collected by F. W. Wattles of Buffalo from the 
Moscow (Kashong) shale, railroad cut east of Alden, New 
York, has come into the hands of the writer. This is a com- 
plete dorsal cup showing in two rays the first primibrachs, 
not known from the holotype, which are quadrangular and of 
equal height and width. Shagreen ornamentation is well-devel- 
oped on all plates. 

Poteriocrmites hiOpfi. In the collection of the Buffalo Mus- 
eum of Science is a specimen (E15417) of P. Icopfi from the 
Moscow (Kashong) shale near East Bethany, New York, which 
shows well the character of the ornamentation in maturity. 


EXPLANATION OF PLATE 1. 

Figs. 1-3. Thamnocnmis apringeri Goldring. 1, Posterior view of theca 
of youngest specimen, x3, showing bulge above primary anal. Sutures 
retouched, 2, Tegmen of the sam^ xS, showing well the lobate form, 
depressed interambulacral areas, pronounced ambulacral ridges marked by 
the stumps of large spines and the short, excentnc anal tube Unretouched. 
3, Anterior view of theca, x2, showing well developed radial ridges on 
plates of regular interradii. Sutures retouched. 

Moscow shale, Livingston county, N. Y. Collection of Max J. Kopf, 
Lancaster, N. Y. 

Fig. 4. OeTmaeocrimis mowrantae Goldnng. Basal view with posterior 
interradius at top, xl, showing length of arms and character of bifurcations 
Unretouched. 

Ludlowville (Olentangy) shale, Arkona, Ontario, Collection of Buffalo 
Museum of Science. 

Fig S Metocrinites potffeUi (Goldring). Young specimen, x2; posterior 
interradius at right. Spines well shown on arm trunks. Unretouched. 

Moscow (Kashong) shale, Bowen brook, Genesee co., N Y. Collection of 
Buffalo Museum of Science. , 

Fig. 6. Poteriocrmites kopfi (Goldrmg) Posterior view, x6, of specimen 
showing numerous papillae on all plates. Note appearance of raised rim 
at margins. 

Moscow (Kashong) shale, near East Bethany, N. Y Collection of Buffalo 
Museum of Science. 
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The surface of all the plates of the dorsal cup was described 
originally (Goldring, ref. cit., pp. 362, 363, pi. 27, figs. 4-11) 
as “finely papillose, a character not always well-preserved.” 
In this specimen the papillae have developed into tubercles 
strong enough to be apparent to the naked eye and giving a 
shagreen effect to the plates. In some places tubercles may 
be seen to coalesce and along the margins of some plates coarse 
tubercles are so close as to give the appearance of a raised nm. 
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THE STRATIGRAPHY OF THE INDEPEND- 
ENCE SHALE OF IOWA. 

MERRILL A. STAINBROOK. 

Paet I. 

ABSTEACT. Since its initial discovery and description by Calvin, the 
stratigraphc position of the Independence shale has been in dispute among 
authors generally. In this paper are summed up all available evidences 
seen in natural and artificial exposures and secured from deep and shallow 
well records. All concur in indicating that, normally, the Independence 
shale lies immediately below the Cedar Valley limestone and above the 
Wapsipinicon formation. As the Independence has a definitely loiyer 
Upper Devonian fauna, the relative age of the superjacent Devonian forma- 
tions of Iowa IS evident. 

THE DEVONIAN SECTION OP IOWA. 

T he Devonian beds of Iowa are mainly limestones with sub- 
ordinate beds of shale and rare sandstone. As worked out 
at the present time, the columnar section of the formations and 
members recognized is as follows : 


Formation 

Mepd^ers 

Lithology 

Sheffield 

undivided 

shale and sandstope 

Lime Creek j 

rOwen 

Cerro Gordo 
[jumper Hill 

limestone 

shale 

shale 

Shellrock \ 

rNora 

Rock Grove 
[Mason City 

limestone 

limestone 

limestone 

Cedar Valley j 

r Coralville 

Rapid 
[ Solon 

limestone 

limestone 

limestone 

Independence 

undivided 

shale 

Wapsipinicon 

1 

"Davenport 
Spring Grove 
Kenwood^ 

Otis 

Coggon 

limestone, lithographic 
limestone, dolomitic 
shale and limestone 
limestone, sublithographic 
limestone, dolomitic 


There are considerable differences of opinion among authors 
regarding the age of some of the formations. The Sheffield is 

* The name Kenwood, as used by Norton, 1894, antedates the usage of 
the term by Butts for a Mississippian formation in 1916. 
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of the Independence Shale of Iowa. 

placed in the basal Mississippian. by some and in the Upper 
Devonian by others.^ 

The Hackberry formation of Webster and authors includes 
the Cerro Gordo and Owen members of the Lime Creek but not 
the Juniper Hill shale. Hackberry and Lime Creek tlien are 
not equivalents. The column of Iowa Devonian formations 
ascribed by Cooper^ to the present writer has the Hackberry 
formation intercalated between Shellrock and Sheffield. Hack- 
berry as an Iowa formational term is not recognized by 
the Iowa Geological Survey and has never been used as equiva- 
lent to the Lime Creek by the present writer. The Lime Creek 
and Shellrock are generally recognized as Upper Devonian age. 

The Cedar Valley is variously placed in the Middle and in the 
Upper Devonian. Since its age will be detemined by the posi- 
tion of the Independence shale and, as its fauna is the subject 
of another paper, it need not be further considered here. 

The Independence shale has a fauna which everyone recog- 
nises is Upper Devonian. Its stratigraphic position, in dis- 
pute, is the subject of the present paper and is discussed fully 
in the following pages. 

The Wapsipinicon because of its scant fauna cannot be 
definitely assigned to any age at present. 

The State Quarry limestone is distinctly younger than the 
Cedar Valley but cannot at this time be unquestionably corre- 
lated with any known formation, nor can its position relative 
to the Lime Creek or the Shellrock be determined with the evi- 
dence now at hand. 


HISTORY OF PUBVIOUS INVESTIGATIONS, 


The first mention of the Independence shale as far as known 
occurs in the Civilian, an Independence, Iowa, newspaper for 
March 12, 1867. A public well sunk a short way east of the 
river bank passed through twenty feet of limestone (Cedar 
Valley) and entered dark shale which contained carbonaceous 
matter reseipbling “cannel ooal.” 

Sometime before 1877 shale and coal were discovered beneath 
the basal beds of a quarry in Cedar Valley limestone one mile 
east of Independence. A shs-ft in search of supposed coal 
deposits was sunk not far away. A depression indicating the 


liTiuth Anaual Field Conf, 

p. ziOf fig. 202. 

Laudon, L. R.* 1935, idem., p. 246. 

* Cooper, G. A.; 1942, Bull. Geol. Soc. Amer., vol. 63, p. 1737. 
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location of this pit is still visible with fossiliferous shale and 
carbonaceous clay about it. 

This shale discovery was brought to the attention of Dr. 
Samuel Calvin of the State University of Iowa who studied the 
area and collected fossils in the material thrown out of the pit. 
His results were given in a paper read before the Iowa Academy 
of Science on June 23, 1876, and later published as a part 
of the Bulletin IV of the United States Geological and Geo- 
graphical Survey of the Territories. In this article the shale 
was described and named and descriptions given of several new 
species of fossils. 

In 1880 W. H. Norton published in the Cedar Rapids Repub- 
lican, a newspaper for February 21, the section of the pit dug 
at Independence in search for coal. This section is given later 
in this paper. 

In 1891 Calvin described in a preliminary report on the 
geology of Buchanan County, Iowa, the section at Independence 
and stated that the Independence shale occurred below the 
Cedar Valley hmestone but above brecciated limestone. The 
following year he corrected his section, noting that the brec- 
ciated limestone was the same as the strata immediately above 
the shale. He adds “a few points have been found where the 
shales, by a kttle digging, may be seen beneath the breccia.”^ 

Norton® placed the Independence shale below a brecciated 
unfossiliferous lithographic limestone to which he gave the 
name “Lower Davenport.” 

Norton noted the occurrence of fossiliferous shale in a rail- 
road cut at Linn Junction, Iowa. This outcrop was redis- 
covered thirty years later by the present writer in the cut now 
long abandoned by the railroad. Norton also noted the recov- 
ery of a typical Independence fossil from blue shale 100 feet 
below the surface in a well drilled at Walker, Iowa. Norton 
states that in a well at Lafayette, Iowa, black shale and coal was 
found below four feet of soil and 80 feet of limestone (Cedar 
Valley). However, Norton® considered the shale to be below 
the Fayette breccia and correlated it with the unfossiliferous 
Kenwood shaly limestone and shale. 

* Calvin, Samuel: 1891, Additional notes on the Devonian rocks of 
Buchanan Co, Iowa: Amer. Geol., vol. 8, p. 14)2, 

— : 1892, idem, vol. 9, p. 84)8. 

Norton, W. H : 1894, Notes on the Lower Strata of the Devonian senes 
of Iowa: Iowa Acad Sci Proc., vol 1, pt 4, pp 22-24. 

‘Norton, W. H.: 1895, Geology of Linn County Iowa Geol Surv, vol. 
4, p. 167. 
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Calvin/ discussing the geology of Buchanan County, noted 
several occurrences of the shale, listed the fauna, and stated 
that the shales were the lowest recognized member of the Devon- 
ian in the county with the “Fayette breccia” and the Cedar 
Valley limestone above. Parenthetically it may be interpolated 
here that the term “Fayette breccia” as used by Calvin included 
basal Cedar Valley beds and that in all cases where “Fayette 
breccia” lies above Independence shale, it is basal Cedar Valley 
and not the lithographic Davenport (“Lower Davenport of 
Norton”). 

In 1916-17, M. A. Stainbrook found several fossiliferous 
exposures of the Independence shale near Brandon, Iowa 
These were later investigated and reported on by A. O. Thomas® 
and W. H. Norton.® They concluded that the fossiliferous 
Independence shale lies somewhere below the Cedar Valley lime- 
stone and that its occurrence adjacent to Cedar Valley beds 
was due to the deformation and upthrusting of the plastic shale. 

T. E. Savage^® stated that he had visited the original pit 
and dump at Independence, Iowa, and suggested that the shale 
was a pocket of Lime Creek shale in a crevice in Cedar Valley 
limestone. 

G. S. Dille^^ reported the occurrence of a black bituminous 
pyritiferous shale near Palo, Iowa. He suggested that it 
might be correlated with the Independence shale. The present 
writer has since verified that this outcrop of shale is definitely 
Independence by finding several of its characteristic brachi- 
opods therein. 

S. W. Stookey^® reported the roadside exposure of shale and 
limestone in the Amana communities in Iowa County. Fossils 
were obtained by him and submitted to the present writer who 
definitely identified them as Independence and not Lime Creek. 
Doctor Stookey, however, concluded that the shale beds at 

’Calvin, Samuel: 1898, Geology of Buchanan County: Iowa Geol. Surv, 
vol. 8, p 222. 

® Thomas, A. O: 1920, The Independence Shale near Biandon, Iowa: 
Iowa Acad Sci Proc., vol 26, pp 485-4)91 

“Norton, W. H* 1920, Wapsipinicon Breccias of Iowa: Iowa Geol. 
Surv, vol. 27, p. 388 

^“Savage, T. E : 1920, The Devonian Formations of Illinois: Amer. Jour. 
Sci., 4th series, vol. 49, p 180. 

Dille, G S.: 1924, Notes on the Occurrence of a Black Bituminous shale 
near Palo, Linn County, Iowa: Iowa Acad Sci., Proc , vol. 30, pp 441-443. 

Stookey, S. W : 1932, New Data on the Upper Devonian of Iowa; Iowa 
Acad Sci Proc,, vol 39, pp. 183-191. 
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Amana were Lime Creek and again correlated the Independence 
shale with that terrane. 

At this same time W. H. Norton sent the present writer some 
fossils found in drilling samples from a shale below forty feet 
of limestone at Shellsburg, Iowa. These fossils were recog- 
nized as typical Independence forms. Norton^® published the 
log of this well in which the Independence shale is placed imme- 
diately below the Upper Davenport (basal Cedar Valley of 
Stainbrook) . 

S. W. Stookey^^ having learned of Norton’s discovery of fos- 
sils in the Shellsburg well, reiterated the interpretation that 
the shale was the remnant of strata occurring in erosion chan- 
nels, solution cavities and joints in the Cedar Valley limestone 
and therefore younger. 

M. A. Stainbrook^^ summed up the current knowledge of the 
loWa Devonian. He summarized the facts gained about the 
Independence shale after twenty years of study, discovery of 
some twenty new exposures, collection of hundreds of fossils 
from the shale and study of numerous well logs and samples. 
He separated the Independence shale' from the Wapsipinicon as 
distinct from the Kenwood shale and placed it as indicated from 
aU available evidence where Calvin had years before, — ^namely, 
below the Cedar Valley limestone and above the Davenport litho- 
graphic limestone. 

E. H. Sedbey^* following a lithologic study of the Wapsipini- 
con placed the Independence shale above the Cedar Valley 
although it is apparent that he saw but few of the exposures 
of the shale. He stated that there was not room for the shale 
between the Cedar Valley and the Davenport although the for- 
mations are unconformable and elsewhere have sandstone 
between. Later^"^ he stated his belief that the Independence 
shale is Lime Creek. 

^“‘Norton, "W, H.: 1936, Deep Wells drilled in Iowa: Iowa Qeol, Surv., 
vol. 36, p. 360 

StoOkey, S. W.: I£l33, Status of Devonian Beds at Middle Amana: 
Iowa Acad. Sci. Proc , vol. 40, p 183 

Stambrook, M. A : 1936, Stratigrafftiy of the Devonian of the Upper 
Mississippi VaUey; Kansas Geol. Soc. Guidebook, 9th Ann. Field COOf., 
p. 582. 

i«Scobey, E. H.: 1938, Sedimentary studies Of the WaJ)sipinicoh Forma- 
tion of loWa: unpubhshed thesis. State UmverSity of Iowa. 

Scobey, E H.: 1940, Sedimehtary Studies Of the Wapsipifticoh Fottha- 
tion of Iowa: Jour. Sed. Petrol., vol. 10, no. 1, p. 41. 



of the IndepeThdencB Shale of Iowa. 71 

A. K. Miller^® placed the Independence shale in the basal 
Upper Devonian. 

S. W. Stookey^® again stated that the Independence shale is 
post-Cedar Valley and residual on it. To M. A. Stainbrook 
is mistakefily attributed this statement, — “It now seems to me 
almost certain that the Independence shale and its fauna have 
been let down into the Cedar Valley limestone and to be far 
out of normal stratigraphic position.” The present writer 
never made this statement and does not believe that it is in 
accord with the facts. 

Stainbrook®® stated that the Independence shale was Upper 
Devonian in age, distinct from the Lime Creek and present 
below the Cedar Valley limestone and above the Davenport beds. 

Cooper®^ discusses the Independence shale, first giving the 
position of the present writer and secondly that of Warthin 
and himself, namely, that the shale is not in normal position. 
In addition he states that the Independence fills sinks and cav- 
erns, has a spotty occurrence and has a fauna of Nunda or 
High Point age. In his appended chart* Cooper places the 
Independence below Cedar Valley in the Middle Devonian and 
indicates that the fauna is Upper Devonian between the Juniper 
Hill and Cerro Gordo members of the Lime Creek stage. 

Schuchert®® in his colurimar section places the Independence 
as a member of the Lime Creek beds between the Juniper Hill 
and the Cefro Gordoi 

Stratiobaphic position of the independence, shale. 

It is evident from the summafy given above that there are 
several contrasting opinions regarding the position of the 
Independence shale in the Iowa Devonian column. By Norton 
the shale is regarded as a member of the Wapsipinicon forma- 
tion occurring between the Otis limestone below and the litho- 

Miller, A. K ; 1938, Devonian Ammonoids of America: Geol. Soc. 
Amer., Spec. Paper no. 14, p. 6. 

Stookey, S. W.: 1939, Significance of Carboniferous and Late Devonian 
Material within the Iowa Devonian* Iowa Acad, Sci. Proc., vol. 41, pp. 
227-231. 

Stainbrook, M. A ; 1940, Independence Shale in Iowa (abstract) : Bull. 
Geol. Soc Amer., vol. 61, p. 1978. 

Cooper, G. A. : 1942, Correlation of the Devonian Sedimentary Forma- 
tions of North America; Bull. Geol. Soc. Afner., vol. 63, p. 1766. 

Schuchert, Charles; 1943, Stratigraphy of the Eastern and Central 
United States, p 700 
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graphic hrecciated Davenport limestone above. This correla- 
tion of the Independence with the Kenwood which does occur m 
company with the Spring Grove in this situation is considered 
by the present writer to be disproved by the^^ complete strati- 
graphic, faunal and lithologic differences between the two tcr- 
ranes. Scobey also notes that the Kenwood is only 25 per cent 
insoluble while the Independence is a true shale and insoluble for 
the greater part. No fossil of the Independence and no Inde- 
pendence has been found lying on Otis. Unless evidence is 
discovered to the contrary, the Independence may be considered 
as entirely distinct from the Kenwood member of tlie 
Wapsipinicon. 

In the second place the Independence shale by some geologists 
(Savage, Stookey, Cooper^®) is considered to be out of normal 
position and to occur at or near the base of the Cedar Valley 
as portions of some younger formation filling caverns, crevices 
and erosion channels in the limestone. This post-Ccdar Valley 
formation is said by several (Stookey, Scobey^®) to be the Lime 
Creek shale because of the superficial resemblance of its fauna 
to that of the Independence. It is shown in a current paper 
by the present writer that the Independence and the Lime Creek 
faunas are quite distinct and not of the same age. The thesis 
that the Independence shale is simply Lime Creek shale out of 
place is not a tenable one. 

Granting that this conclusion is true, is there any other for- 
mation later than the Cedar Valley which could have been the 
possible source for the shale supposedly out of place at the base 
of the Cedar Valley? Cooper and Schuchert^^ suggest that 
there was such a formation and that it was intercalated 
between the Cerro Gordo and Juniper Hill members of the Lime 
Creek Apparently they tacitly admit that the Lime Creek 
(Cerro Gordo member) could not be the source of the shale 
which Calvin designated as Independence. It is sufficient to 

Stainbrook, M. A: 1936, op. cit., p. 262. 

Scobey, E. H : 1940, op. cit., p. 41. 

Savage, T. E.: 1920, op. cit. pp. 179-180. 

Stookey, S. W.: 1932, op. cit., 1932, p. 191. 

Cooper, G. A.; 1942, op. cit., p. 1766 

Stookey, S W.; 1932, idem, p. 191. 

Scobey, E. H.: 1940, idem, p. 41 

Cooper, G. A.: 1942, idem, p. 1787. 

Schuchert, Charles: 1943, op. eit., p. 706. 
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state here that there is no field evidence of this hypothetical 
formation in that stratigraphic situation. The Cerro Gordo 
beds overlie the Juniper Hill beds conformably and grade into 
them Avith no perceptible break. 

Lastly the Independence shale is considered by others (Calvin 
and Stainbrook) to occur in normal stratigraphic position 
below the Cedar Valley limestone and above the Davenport, the 
uppermost lithographic member of the Wapsipinicon. The 
present writer after a study of the shale in all of the known out- 
crops believes that this conclusion is the only one in accord 
with the facts thus disclosed. Evidences in support of this 
contention are developed along three main lines : that afforded 
by undisturbed exposures of the formation, that given by a 
study of deep and shallow well records and samples and that 
presented by faulted exposures of the shale. 

NATURAL EXPOSURES. 

The most important evidence for the determination of the 
position of the Independence shale is yielded by natural expos- 
ures where the strata are in normal stratigraphic position and 
but little disturbed. These exposures are few in number as 
would be expected as they are all west of the outcrop belt where 
exposures would normally occur. They are found only in tlie 
deep valleys of the major streams. 

Near Independence, Iowa, along the right bank of the Wap- 
sipinicon river south of town and one mile distant from the 
original discovery pit, Calvin^® noted the presence of shale below 
the basal beds of the Cedar Valley limestone. Years later the 
present writer saw this shale as Calvin described it and secured 
typical Independence fossils ft'om it. At the present time the 
outcrops are usually obscured either by vegetation and river 
deposits or covered by water, but are unquestionably below the 
basal Cedar Valley beds. 

About a mile and a half northwest of Quasqueton in 
Buchanan county is an elongate hill some two miles long and 
adjacent to the Wapsipinicon nver. Scattered outcroppings 
of limestone show that it is composed almost wholly of Cedar 
Valley with the beds dipping southward. Along both sides of 
the hill typical fossiliferous Independence shale occurs at sev- 

Calvin, S Geology of Buchanan County: Iowa Geol Surv. voL 8, p 
223 

Am Jour Sci — ^Vol. 243, No 2, Februart, 1946. 

6 




X QUARRY 

SCALE + COAL PROSPECT 

— 1 """^ \ _ 

0 12 24 Miles OUTCROP 

Pig. 1. Map of Benton, Buchanan, Linn and portions of adjacent coun- 
ties, Iowa, showing local occurrences of the Independence shale. Outcrop 
areas are exaggerated. Key: A, Amana; B, Brandon; Be, Bertram; C.B., 
Cedar Rapids; F, Fairfax; I, Independence; I.C., Iowa City; L.J., Linn 
Junction; M, Marengo; Ma, Marion; P, Palo; Q, Quasqueton; S, Shellsburg; 
So, Solon; V, Vinton. The broken line is the approximate eastern border 
of the Cedar Valley limestone. The area at Amana is that of the Amana 
beds which are younger than Cedar Valley. 
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eral places beneath the basal layers of the Cedar Valley. The 
most illuminating exposure is seen on the west side of the north 
end of the hill where a freshet has recently (1940) uncovered 
the strata in a ravine in the bluff and has exposed the following 
section (see Fig. 2) : 

4. Pleistocene deposits. 

3. 20 ft. limestone with numerous fossils’ Cedar Valley. 

2. 6 ft. blue-gray shale with fossils . Independence. 

1. 2 ft ledge of lithographic non-fossiliferous limestone* Daven- 

port member of the Wapsipinicon. 



Fig. 2 Section revealed in ravine three miles northwest of Quasqueton, 
Iowa, showing 16-20 feet of basal Cedar Valley limestone overlying 6-6 
feet of fossiliferous Independence shale. I, Independence shale; C.V., 
Cedar Valley limestone; D, block of Davenport limestone. 

In none of the exposures around the hill is there a suggestion 
that the shale is in other than natural sequence and a continu- 
ous outcrop of several miles is indicated. At the south end of 
the hill the dip of the strata is sufficient to cause the shale to 
pass from view below the Cedar Valley limestone.! 

Another outcrop showing the shale in normal position is on 
East Otter Creek in section 8 of Monroe township of Linn coun- 
ty, Iowa. Here fossiliferous shale overlies typical brecciated 
Davenport limestone and underlies the fossiliferous Gyroceras 
beds which form the basal zone of the Cedar Valley. 

On Little Bear Creek near Palo in the same county is another 
instructive exposure which has been described by Dille.^® The 
shale was explored for coal and later as a possible source of 
cement materials. The shale apparently “was encountered in 
numerous borings along the valley” and thus appears to be 
®®Dille, G S • 1924, op cit,, p 441 
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present over a considerable area up and down the stream. A 
shaft was sunk into a low terrace in the north side of the broad 
valley. This shaft penetrated sixteen feet of gray and dark 
carbonaceous shale with coal and nodules of pyrite. Typical 
Independence fossils occur in the debris thrown out of the pit. 
To the south an eighth of a mile distant the south wall of tlie 
valley rises precipitously some sixty feet. Scattered ledges of 
rock show that the major portion of the hill is underlain by 
Cedar Valley limestone. Along the foot of the hill for a dis- 
tance of several hundred feet the basal beds of the Cedar Valley 
outcrop. Directly beneath these Cedar Valley strata is Inde- 
pendence shale with typical fossils. This shale is on the same 
level as the deposit explored in the terrace on the north side 
of the valley. The relations are shown in the accompanying 



Fig 3 Diagrammatic section on Little Bear Creek north of Palo, Iowa 
The shale was penetrated for 16 feet by a coal prospect shaft and appears 
at the same level beneath Cedar Valley limestone about 40 rods to the 
southward. I, Independence shale CV., Cedar Valley limestone; P, coal 
prospect shaft. 

diagram (Fig. 3). The extent of the shale in outcrop and as 
revealed by borings, its stratigraphic position and undisturbed 
nature precludes any hypothesis of the deposition of the shale in 
a cave below Cedar Valley limestone. 

ARTIFICIAL EXPOSURES. 

Further evidence of the stratigraphic position of the shale 
is that afforded by shafts and excavations. In that area of 
Iowa where Cedar Valley limestone forms the country rock, 
numerous reports of coal reached in wells and borings have been 
made. Several shafts®^ have been sunk in search of coal as in 
the instance at Independence where the shale was first brought 

“Calvin, S.: 1878, U. S. Geol. and Geog. Surv., vol. 4, no. 3, p 726. 
1898, op. cit, p. 261. o > , , p . 
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to ligiht. The section in this shaft was published by Norton 
several years later (1880) and later®^ given as follows: 


Fossiliferous Hamilton limestone 20 feet. 

Black fissile bituminous shale 12 feet. 

Gray fossiliferous shale 4< feet. 

Hard gray rock with pyrite 2 feet. 


In tlus section the uppermost bed is certainly the Cedar Valley 
limestone. The two beds of shale are Independence and the 
lowennost bed seems to be the Davenport. A pit several feet 
deep is still visible showing the situation of this shaft about ten 
feet beyond the north face of a quarry in Cedar Valley lime- 
stone. Typical Independence fossils and samples of the car- 
bonaceous shale are still present about the pit. A dug well 
sunk about 1857 in the city of Independence passed through 20 
feet of limestone and encountered shale with coal below. 

About SIX miles north of Shellsburg in Benton county, Iowa, 
at the old ferry landing on the south bank of Cedar river is 
Barr’s Bluff. This is formed by the beds of the lower portion 
of the Cedar Valley formation. Years ago a shaft was sunk 
here and according to Misters Carver and La Tourrene of 
Shellsburg, coal was actually taken from it at a depth of thirty 
feet.®^ A pit still shows the site of the shaft and comparison 
with the neighboring exposure of Cedar Valley limestone to the 
immediate west demonstrates that a depth of thirty feet would 
reach the bottom of that formation. 

At Lafayette, Linn county, Iowa, in 1877, a minei*’s shaft®® 
was sunk which passed through four feet of soil, 81 feet of 
hmerock (Cedar Valley) and uncovered a coal seam one inch 
thick. A half mile northeast of Lafayette in the east valley of 
the creek valley a quarry has been opened in the basalmost beds 
of the Cedar Valley. In a sump pit at the south end of the 
quarry, and below the limestone the present writer recovered 
blue shale with typical Independence fossils. In a quarry one 
and a half miles south of Alice in the same county, in a recent 
quarry, shale was disclosed beneath Cedar Valley and above 
Davenport lithographic limestone. 

At Fairfax in Linn county, one block north of the C. and 
NW. station, a quarry was opened several years ago as a source 

“^Norton, W. H.: 1920, op cit, p 309. , 

** Savage, T E * 1905, Geology of Benton County: Iowa Geological Sur- 
vey, vol. 15, p. 199. 

“Norton, W. H.' 1920, Wapsipimcon Breccias of Iowa* Iowa Geol. 
Surv , vol. 27, p 387. 
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of road material. The beds quarried are the basal beds of the 
Cedar Valley. At the south end a sump was made and blocks 
of blue-gray shale two feet thick and four feet long were 
brought up from belo'W the Cedar Valley limestone. The shale 
wias undistur'bed and contained Independence fossils. The 
quarry has since been abandoned, partly because of the slight 
thickness of limestone available and because of the bogging 
effect of the ish'ale below, when reached by the removal of the 
limestone. 

On Little Bear creek near Palo, as disclosed by Dille,^^ a 
shaft 3% by 4)1/2 f®et, was sunk into the Independence shale. 
The log in brief is : 

8. 2% ft. gravelly yellow clay: Pleistocene. 

2. 16 ft. black, and blue shale, alternating, with coal and pyrite 
seams : Independence shale. 

1. Concretionary limestone and limestone: Wapsipinicon. 

Since shale identified as Independence by its fossils is present 
beneath the Cedar Valley several hundred yards to the south- 
ward, the limestone beneath the shale could not be Cedar 
Valley. 

The natural and artificial exposures of the Independence 
shale demonstrate that it occurs in natural sequence above the 
Davenport limestone and below the Cedar Valley consistently. 
The shale in several instances, as at Quasqueton and at Palo, is 
of such an extent as to preclude the interpretation of the shale 
as a cave deposit. Also on fresh exposure, the shale is seen 
to be normally bedded in horizontal layers in no way com- 
parable to that to be expected in a cave or crevice filling washed 
down through 100 feet of limestone. That Cedar Valley and 
Shellrock fossils or blocks of limestones from these formations 
would escape being incorporated during the process of cave 
filling is nearly inconceivable. Yet in the undisturbed Inde- 
pendence in these exposures, the shale is uncontaminated by 
either Cedar Valley or Shellrock fossils and debris. It seems 
unescapable that the Independence shale was deposited prior to 
these two formations. 

SHALLOW WELL RECORDS. 

Numerous shallow well records attest to the presence of shale 
beneath the Cedar Valley limestone over a wide area. While 
«Dme, G. S.: 1924, op. cit. 
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these records are not baiscd on samples which can now be 
studied, they must be conceded some considerable degree of 



Fig 4 Map of Iowa and portions of adjacent States, showing the 
occurrence of Independence shale in deep and shallow wells. Key: 1, Osage; 
2, Charles City; 3, Exnmetsburg; 4>, Mallard; S, Clarksville; 6, Sac City; 
7, Webster City; 8, Quasqueton; 9, Auburn; 10, Vinton; 11, Garrison; 
12, Shellsburg; 13, Center Point; 14, Boone; 16, Nevada; 16, Ogden, 17, 
Newhall and Atkins; 18, Watkins; 19, Bayard; 20, Woodward; 21, Grinnell; 
22, Marengo; 28, South Amana; 24, Homestead; 25, North Liberty; 26, 
Mitchellville; 27, Newton; 28, Oakdale; 29, Stuart; 30, Dexter; 31, Waukee. 
32, Des Moines; 33, Council Bluffs; 34, Flagler; 86, Oskaloosa; 86, Letts. 
37, Brighton; 38, Ottumwa; 39, Mount Pleasant; 40, Centerville; 41, 
Nebraska City, Neb.; 42, Tarkio, Mo.; 43, Keokuk, Iowa; 44, Colmar- 
Plymouth area, 111,; 46, St. Joseph, Mo.; H, outcrop of sandstone south 
of Hannibal, Mo.; W, Waverly, Iowa The solid line is the approximate 
eastern limit of the Cedar Valley limestone; the broken line is its approxi- 
mate subsurface boundary. 
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accuracy. An experienced well dnller has little difficulty in 
distinguishing between shale and limestone as they are encoun- 
tered by the drill in shallow borings. These records are 
extracted from the various reports on the geology of the county 
concerned. In all cases the interpretation of the formation and 
identification of the same is by the present writer. 

In the northern part of the Cedar Valley outcrop is the 
Osage City well in Mitchell county, Iowa. The log is as 


follows : 



Depth 

Material 

Formation <md Age 

0-20 

drift 

Pleistocene 



Devonian 

20-180 

limestone 

Cedar Valley 

180-200 

gumbo shale 

Independence 

200-660 

limestone 

Wapsipmicon and 


Silurian 


In Bremer county several wells show shale below Cedar Valley 
as IS evident in the logs of these wells. 


William Coon well, one mile north of Waverly: 


Depth 

Material 

Formation and Age 

0-76 

drift 

Pleistocene 



Devonian 

76-120 

limestone 

Cedar Valley 

120-122 

shale 

Independence 

122-136 

limestone 

Wapsipmicon 


E. Bennett well, three miles north of Waverly : 


Depth 

Material 

Formation and Age 

0-10 

yellow drift 

Pleistocene 

10-70 

blue clay- 

Pleistocene 



Devonian 

70-114 

limestone 

Cedar Valley 

114-124 

gray shale 

Independence 

124-138 

limestone 

Wapsipinicon 


Wm. Colton well, three miles northwest of Waverly : 


Depth 

Material 

Formation and Age 

0-20 

drift 

Pleistocene 



Devonian 

20-60 

limestone 

Cedar Valley 

60-65 

black shale 

Independence 

66-92 

limestone 

Wapsipinicon 



81 


of the Independence Shale of Iowa. 

In Buchanan county where the Independence shale was first 
discovered and named, several well logs show shale below the 
Cedar Valley limestone. 

In Jefferson township in the northeast one-fourth of section 
2, a well gave this record: 


Depth 

Material 

Formation and Age 

0-100 

drift 

Pleistocene 

Devonian 

100-120 
ends in shale 

limestone 

Cedar Valley 


This well is four miles north of the outcrops of Independence 
shale in the valley of Lime Creek described by Noi-ton®®* and 
Thorns.®® 

A well in Washington township has this record : 

Depth Material Foimation and Age 

0-72 limestone Cedar Valley 

ends in “soapstone” Independence 


This well is one mile east of the discovery pit at Independence. 
In the same section another well has this log: 


Depth 

Material 

Formation and A ge 

0-20 

drift 

Pleistocene 



Devonian 

20-156 

limestone 

Cedar Valley 

156-196 

gntless clay 

Independence 

flinty rock at base 

Davenport 


In Linn county there are numerous shallow wells which show 
shale below the Cedar Valley. A few records arc given here. 
One mile south of Lafayette is the J. Maier well. It showed : 


Depth 

Material 

Formation and Age 

0-3 

soil 


3-74 

limestone 

Cedar Valley 

74-89 

soapstone 

Independence 

89-92 

sandstone 

Independence 


It should be noted that well drillers usually designate shale as 
“soapstone.” This well is also within a mile of the locality 
where fossiliferous Independence shale can be seen in place 

* Norton, W H.: 1920, Iowa Geol. Jonr., vol. 27, p 888. 

Thomas, A 0. * 1920, Iowa Acad Sci. Proc , vol. 26, p 486. 
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below Cedar Valley and above Davenport limestone on East 
Otter creek. The F. P. Kratzer well is one and a half miles 


northwest of Lafayette : 


Depth 

Material 

Foi'mation and Age 

0-120 

limestone 

Cedar Valley 

120-124. 

shale 

Independence 

This well is within a mile of the place where shale was collected 
from beneath Cedar Valley. The 0. Grilchnst well, one-half 

mile south of Paris, shows this section: 


Depth 

Material 

Formation and Age 

0-9 

drift 

Pleistocene 

9-47 

limestone 

Cedar Valley 

blue shale and a little coal at bottom 

Independence 

The W. D. Bucklin well is three miles west of 

Paris and has this 

log; 



Depth 

Material 

Formation and Age 

0-20 

soil and day 

Pleistocene 

20-140 

limestone 

Cedar Valley 

dark shale at bottom 

Independence 

The C. Rake well is a half mile south of Palo and two miles 

south of 
It shows: 

the outcrop of Independence on 

Little Bear creek. 

Depth 

Material 

Formation and Age 

0-10 

soil 


10-33 

sand 

Pleistocene 

33-63 

yellow and blue clay 

Pleistocene 

60-83 

limestone 

Cedar Valley 

83-98 

shale 

Independence 

The T. C, 

Martin well is two miles south of Fairfax where shale 

was uncovered below the bottom layers of Cedar Valley lime- 

stone in a 

recent quarry. 


Depth 

Material 

Formation and A ge 

0-40 

yellow clay 

Pleistocene 

40-90 

hard fossiliferous limestone 

Cedar Valley 

soapstone and sandstone at bottom 

Independence 


In Johnson county the Mrs. Morris well three miles east and 
twO' miles north of North Liberty shows this section: 
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of the Independence Shale of Iowa. 


Depth 

Mat€ri4xl 

Formation and /. 

0-40 

yellow clay 


40-42 

sand 


42-92 

blue clay 

Pleistocene 

92-94 

sand 

Pleistocene 

Devonian 

94-204 

blue limestone 

Cedar Valley 

204-212 

shale 

Independence 

212-226 

white porous rock 

Davenport 


It is readily admitted that these shallow well records may 
be questionable evidence, in the opinion of some geologists, 
regarding the stratigraphic position of the Independence shale. 
Yet these records may be of considerable importance, especially 
when reinforced by the facts yielded by the artificial and natural 
exposures in the near vicinities of the wells. 


(To he continued.) 



PBOLACEBTA AND THE PROTO- 
ROSAURIAN REPTILES. 

CHARLES L. CAMP. 

Part II. 

COMPABISONS. 

Prolacerta differs from modem lizards and agrees with the 
Upper Permian eosuchians Youngina, Yoimgopsis and Yowng- 
oides in the following characters : 

1. Quadrato jugal present 

2. Jugal with a long quadrate process 

8. Dentition thecodont (pleuro-thecodont) 

4. Pterygoids broadened and extending forward to the 
vomers 

6. Postfrontal separate from postorbital and primitive in 
position and shape 

6. Interparietal present (?) 

7. Squamosal short and wide, postfrontosquamosal arch 

short and stout 

8. Basioccipital short and narrow 

9. Nasals extensive 

Prolacerta also has the following presumably primitive char- 
acters not found in modem lizards and not yet recorded in 
eosuchians : 

10. Exoccipitals and paroccipitals separate 

11. Odontoid separate 

12. All cervical vertebrae with ribs 

13. Epipterygoid stout and with a quadrate process 

14. Articular and prearticular separate (this point is 
doubtful) 

Prolacerta shares with certain primitive geckonid lizards the 
following: 

15. Vertebrae amphicoelous, notochordal 

16. Cervical intercentra small and crescentic 

17. All median elements of the skull roof paired 

18. Stapes perforated at base ( ?) 

Prolacerta agrees with most lizards and differs from Young- 
oides in having : 
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19. Streptostylic quadrate 

20. Symphysis of lower jaws ligamentous ( ?) 

21. Basipterygoid process fused with basisphenoid 

22. Postorbital arch narrow 

Prolacerta appears to dilfer from most lizards and Young- 
oides in : 

23. Absence of a supra tempoi al bone (fused with 

squamosal ?) 

24. Absence (or extreme reduction) of bhe pineal foramen 

25. Presence of a reduced kinetic quadratojugal 

26. Posterior process of jugal nearly reaching the quadrate 
Prolacerta agrees with Sphenodon and Youngoides and dif- 
fers from lizards in having : 

1. A quadratojugal 

4. Pterygoids which reach foi*ward to articulate with the 
vomers 

8. Basioccipital short and narrow 
Prolacerta agrees with Sphenodon and differs from lizards in 
the following : 

27. A longitudinal ridge of teeth on the palatine bones 

28. Squamosal squarish with four subequal processes 

29. Absence of a separate supratemporal bone ( ?) 

30. Presence of a paired proatlas 

31. Orbits large 

32. Dorsal temporal fenestra nearly circular 

33. Epipterygoid stout and expanded at base 
Prolacerta agrees with the type specimen of Protorosaurus 

speneri in ; 

34. All characters of the vertebrae and cervical ribs so far 

as shown 

35. The pleuro'thecodont insertion of the teeth (cf. Seelev 

1888) 

36. The general shape of the skull and the arrangement of 

the skull elements: elongate nasals, narrow maxil- 
laries, shape of the frontals, and prefrontals, narrow 
elongate vomers with teeth, large orbit with bony 
sclera, slender lower jaws with splint like splenial 
reaching far forward, angular and surangular not 
extending to tip of retroarticular process 
Prolacerta may differ from the type of Protorosaurus speneri 
in some of the following characters ; 




Fig. 7. Dorsal view of part of skull of OoUonyx variegatus, U. C. Mus. 
Vert, Zool. no. 26980, cleared specimen, adult, x 10. The “quadratojugal” 
(Qj?) occupies a recess in the quadrate similar to that of Prolaeerta 
A.SC.= Anterior semicircular canal, E.S.C.= External semicircular canal, 
P.SC.=a Posterior semicircular canal; St.=:Supratemporal (“Tabulare” of 
lizards). Nerve XII has a single mternal opening and two external 
foramina. 



Fig. 8 Dorsal view of part of skull of Sceloporus occidentalis, U C. Mus. 
Vert Zool no. 33865, cleared specimen, juvenile, x 10 The calcified tissue 
representing the “quadratojugal” (Qj?) occupies a position in the digastric 
fascia similar to the position in ColeoTtyx and other lizards. 
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37. Lack of a pineal foramen ( ?) ; small or absent ( ?) in 

Protorosaurus 

38. Lack of a crest on the mid-parietal line ; broken away in 

Protorosaurm (.f*) 

39. Lack of a fenestra in front of the lacrimal; doubtfully 

present in Protorosaurus 

40. Skull slightly smaller in Prolacerta 

41. Cervical vertebrae about half the length of those in 

most of the known specimens of “Protorosaurus^^ 

Some of these characters may now be discussed: 

1. A quadrato jugal has been questionably noted in skinks 
by Kingman (1932). Cleared specimens at hand of Coleonyx, 
Sceloporus and Phrynosoma show a small calcified “element” 
resting upon a mid-lateral facet of the quadrate (Text Pigs. 
7, 8) in about the same position as the quadrato jugal of 
Prolacerta. In the more advanced lizards, Gerrlionotas and 
Cnemidoplwrus this element joins the upper head of the quad- 
rate and lies at the origin of the quadrate slip of the digastric 
muscle. In all these lizards the element in question is a thin, 
calcified mass of somewhat indefinite form and boundaries, 
lying in the digastric fascia. It may well be a vestigial quad- 
ratojugal, for the similarity of its relation to the quadrate in 
ascalabotid lizards appears to be more than a coincidence. 

2. The jugal has a short posterior process in the Cretaceous 
lizards Polyglyphanodon (Gilmore 1942) and Macrocephalo- 
saurus (Gilmore 1943). The only recent lizard in which I 
have seen such a process is the xantusiid Lepidophyma, where 
the process is also short. 

3. Thecodont or pleuro-thecodont teeth are present only in 
the embryos of modern lizards. The Cretaceous Clia^nops and 
the mosasaurs retain them. The alveoli in Prolacerta are 
deeper on the buccal than on the lingual side of the jaws and 
the old teeth are fused to the margins of the alveoli. 

4. The extent and shape of the pterygoids in Prolacerta 
resemble Youngoides and Sphenodon more closely than the 
lizards. In most reptiles, including Sphenodon and the lizards, 
a flange is developed along the juncture of the pterygoids and 
ectopterygoids, to guide the lower jaws into exact occlusion. 
This flange seems to be very weakly developed in Prolacerta 
as well as in YouTigoides. 

The pterygoids of Iguana, according to Lakjer (1927) and 
Olson (1936), meet the vomers. Olson says this union is con- 
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cealed in the adult by ventral overgrowths of the median wings 
of the palatines. The only Iguana skull immediately available 
to me shows a dorsal overlap of the palatines upon the ptery- 
goids and the pterygoids are widely separated from the vomers. 

Lakjer (1927) announces a “separate” element which he has 
named “hemiptcrygoid.” This is described and figured as 
extending from the tip of the true pterygoid to the vomer along 
the inner margin of the palatine, in an embryo of Iguana tuher- 
culatus. Lakjer also finds a so-called hemiptcrygoid in a 
young Anolis cristatellus and other forms. I have at hand 
cleared specimens of embryo PJirynosovia and young Scelo- 
porus Here the pterygoids are widely separated from the 
vomers and the median parts of the palatines are not separate 
from, the outer. The only evidence of an “hemiptcrygoid” is 
a slight longitudinal slit extending a short distance into the 
palatines. 

Olson’s figure of Yowngoides shows no teeth on the vomers, 
but there is an extensive anterior tooth bearing process of the 
palatine. These teeth correspond in position to the teeth on 
the ridges of the vomers in Prolacerta so it may be that Dr. 
Olson has not correctly placed the sutures between the pala- 
tines and the vomers. With this exception the palatal resem- 
blances bring Prolacerta closer to Youngoides than to any other 
reptile in which the palate is well known. 

The palate of Prolacerta will also bear close comparison with 
Sphenodon. The elongate, laterally placed internal nares, the 
meeting of the wide vomers along the midline, the anterior 
extension of pterygoids, the peculiar shape of the palatine, the 
course of the sutural contact of the palatine and vomer, and the 
presence of longitudinal, tooth bearing ridges on the palatines 
and vomers, are similar in Sphenodon and Prolacerta. In fact, 
the resemblances in the palate alone would indicate closer rela- 
tionship to Stenaulorhynchus and Sphenodon than to the liz- 
ards. The nature of the union of pterygoid and quadrate, the 
presence of a small pterygo-palatine fenestra (not found else- 
where among reptiles), the shape of the ectopterygoids, the 
narrow interpterygoid space, the small basioccipital, the shape 
of the squamosal, the large orbit and the circular shape of the 
supratemporal fenestra are further resemblances to Sphenodon. 

Lakjer’s (1927) studies on the shape and structure of the 
internal choanae of lizards are of interest. From comparison 
of palatal structures of various reptiles he would derive the 
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lizards from the rhynchocephalians and these in turn from 
cotylosaurs. He divides the lizards into; I PalaeocJwanatae 
(Agamidac, Iguanidae, Helodermatidao, Anguidae, Geckonidae, 
Pygopodidae and Chamaeleontidae) in which the choanae and 
palatal bones are of a simpler “more primitive” type, more 
similar to SpJienodon, than are the: II Neoehoanatae compris- 
ing the skmks, teiids, zonurids, lacertids, gerrhosaurids, vara- 
nids and amphisbaenids. By these critena the palate and 
choanae of Prolacerta appear to be similar to Spheriodon; and 
more similar to agamids and iguanids than to other lizards. 

5. Postf rentals in lizards are often larger than in Prola- 
certa, and this occurs secondarily among the Scincidae. The 
primitive diapsid position, shown in Prolacerta, is modified in 
recent lizards. Primitive relations are most nearly preserved 
in Polyglyphanodon and Lepidophyma where the parietals are 
narrow anteriorly as in Prolacerta. Owing to the anterior 
expansion of the parietals in modern lizards, the postfrontal 
acquires a concavity along its inner margin. This is fore- 
shadowed in the Upper Jurassic Ardeosaurus which Broili 
(1938) believes to be related to the Xantusiidae. 

6. An “interparietal” is described by Kingman (1932) in 
recent skinks. He figures this element as a nodule lying in or 
above the tissue connecting the mid-dorsal border of the supra- 
occipital with the parietals. 

7. If previous observations on eosuchians are correct, the 
squamosal of Prolacerta may represent the fused supratem- 
poral (=tabulare of Broom) and the squamosal of Yowng'ma, 
Yowngoides and Youngopsis. This fusion may indicate that 
Prolacerta is not directly in the line of ancestry of the lizards. 
But such fusions may not be significant. 

8. A short, narrow basioccipital occurs in Yoimgoides and 
Sphenodon as well as in Prolacerta. The condition in Prola- 
certa strongly suggests that of Youngoides and the tubera are 
weak in both. 

9. The great extent of the nasals is another important point 
of resemblance between the Permian eosuchians and Prolacerta. 
These bones are never so well developed in lizards, even 
in Ameiva, mosasaurs, and others with an elongate antorbital 
region. 

Am, Jour Sci— Vol 24S, No 2, Pebeuart, 1946. 
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Characters 15-18 are found in the geckos, among modem liz- 
ards. All the skull elements are paired in Yowngma, Yovmg- 
opsis and Yornigoides, and in some modern geckos. The 
stapes is perforate in the geckos Pachydactylus, Hemidactylus 
and Terentola; Coleonyx (Fig. 9) has a large fenestra. These 
are the only lizards in which this primitive character is known 
to occur. 



Fig. 9. Ventral view of part of skull of Col$onyx variegatus, Mus 
Vert. Zool. no. 26980, cleared specimen, adult, x 10 The stapes has a 
larger fenestra than in other known gedros. The metotic fissure (Met. fiss.) 
remains open. Nerves IX, X and XI have three foramina, the anterior 
also contains the perilymphatic sac. There is no parasphenoid. The 
paired presphenoid (Presph.) is separated by suture from the basisphenoid. 

19 and 20. The lack of a direct articulation 'between the 
jugal and the quadrate, and the loose articulation of the quad- 
rate with the squamal and quadroto jugal in Prolacerta 
makes it apparent that the skull was streptostylic, but not 
exactly as in lizards. The ligamentary symphysis of the lower 
jaws and the long digastric process of the angular is further 
evidence of streptostyly. In the face of so many obvious resem- 
blances to Ycnmgina and Yornigopsis one might well hesitate to 
apply the criterion of streptostyly so strictly as to exclude 
Prolacerta from the eosuchians. Prolacerta is the earliest 
known streptostylic reptile and illustrates the way in w'hich 
complete streptostyly probably arose, with the quadratojugal 
itself involved in the Hnetism. 

24. The pineal foramen is so variable in lizards (cf. Camp 
1923, p. 394) that its apparent absence in Prolacerta may not 
be significant. 
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25. The quadratojugal was apparently movable along with 
the quadrate but in a slightly different direction. With a fore 
and aft movement of the foot of the quadrate, the quadrato- 
jugal would have moved dorsally and ventrally; at the same 
time its lower end would swing fore and aft in a short arc 
where it is loosely attached to the lateral margin of tlie 
quadrate. 

Prolacerta seems to illustrate an early stage of streptostyly 
in which the initiation of movement in the quadrate has accom- 
panied an equivalent movement in the reduced quadratojugal. 

26. The slender posterior process of the jugal, which 
approaches but does not join the quadrate and quadratojugal 
seems to be another character intermediate between eosuchians 
and lizards. A similar posterior process of the jugal is also 
found in ThaXattosaurus and the general similarity of the 
temporal region in Thalattosaurm and the eosuchians seems to 
indicate relationship between these groups. 

27-33. The similarities between Prolacerta and the rhyncho- 
cephalians serve to emphasize their relationships and support 
the view (Broom 1922 ; and Huene 1938b) that the rh 3 mcho- 
cephalians as well as the lizards are derived from Permian 
eosuchians, (see also points 1, 4, 8, 15-18, and 23). 

Comparison with Tamgasamrm. — ProlaceHa seems to resem- 
ble Tangasaiurus (Haughton 1924, 1929; Huene 1926b) in 
its amphicoelous, no^chordal vertebrae, presence of cervical 
intercentra, unkeeled atlantal intercentrum, small basioccipital 
with tubera, basisphenoid with divergent posterior crests and 
prominent basipterygoid process, slender, elongate para- 
sphenoidal rostrum, interpterygoid vacuity, at least one long 
row of large teeth on pterygoid, slender lower jaws with elon- 
gate retroarticular process, and stout curved first cerato- 
branchials. 

The vertebrae in Tangasaums are smaller and shorter, the 
neck is much shorter, the basioccipital tubera are more prom- 
inent, and the ceratobranchials are larger. 

What remains of the dorsal skull roof in Ta/ngasaurus is 
sufficiently like Prolacerta to be interesting. The frontals are 
narrow, the parietals are broader and form a squarish plate 
bounding a circular, closed temporal fenestra. The speci- 
mens preserved in the Paris Museum are figured by Piveteau 
(1926, PI. IX, Figs. 1 and 2). 
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My own sketches of these specimens are shown in Text Figs. 
10 and 11. The impression in Text Fig. 10 is probably the 
ventral surface of the skull roof. The skull of Tangasaurus is, 
of course, imperfectly known. 



Fig 10. Ventral view (?) of skull roof of Tangasaunts menelli, from 
a plaster impression in the Museum d’Histoire Naturelle, Paris, x 1, (cf 
Piveteau 1926, pi. IX, fig. 2). 



Palatal view of part of skull of Tangasamrus menelli, from 
plaster impression, xl, (cf. Piveteau 1926, pi. IX, fig. 1). 
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34!-41. Comparison rmth Protorosaurus. — The cervical 
regions of Protorosaurus spe-tieri (Meyer 1856, PL 1, Fig. 1 : 
Seeley 1888 ; and Huene 1926a) and Prolacerta will bear scru- 
tiny. The cervical vertebrae are nearly identical and the cer- 
vical ribs as well, except that von Meyer has described the ribs 
of Protorosaurus as single headed. The division between the 
cervical nb heads in Prolacerta is weak and such a division may 
have been undetected in Protorosaurus. Gracilis auiubs (Wei- 
gelt 1930), an apparently related genus, has bicipital ribs. 

The centra are biconcave, elongate, and compressed below in 
Protorosaurus and Prolacerta and they both show ventral, 
arched muscle scars. The axis is shorter than the next three 
centra, and the fourth and fifth centra are the largest in each 
genus. The neural arches are nearly as long as the centra, 
especially on the axis, and their heights are less than the 
diameters of their centra. The neural arches decrease in length 
toward the rear. The zygapophyses are large, elongate, and 
those on the fifth vertebra are the longest. The diapophyses 
are small and occur at the extreme anterior margin of each 
centrum. 

The post-axis intercentra are very small. Ribs occur on 
all the cervicals. The anterior ribs are extremely long and 
needle-like, and those behind become slightly expanded below 
the tuberculum. 

The skull of the type of Protorosaurus speneri is best 
described by Seeley (1888). Its outlines indicate a long, low 
muzzle, slender jaws, and posterior orbit — large in Gracili- 
saurus and provided with sclerotic plates in both genera. The 
general outlines and proportions are similar to Prolacerta. 
There are many points of striking similarity, so there can bo 
little question as to the close relationship of Protorosaurus and 
Prolacerta. 

The teeth are sharp, single pointed, and slightly recurved 
in both reptiles. The adult teeth are fused to the margins of 
their sockets with more of the tooth base exposed lingually 
than buccally. The vomers bear teeth in both forms. The 
shape of the visible skull elements is much the same, the 
lower jaws are similar. 

There is a possibility of further comparison between Proto- 
rosaurus and the skeletal parts shown in eosuchians. 

In Yov/ngi/na Broom (1922, 1924) has found a slender tibia 
and a tarsus somewhat similar to Protorosaurus in the disposi- 



94 C. L. Camp. 

tion of the elements. There is, however, a fifth tarsale in 
Yornigma^ not apparent in Protorosam'us. The humerus of 
Yowngma is also similar in shape. But there was an entepicon- 
dylar foramen in Youngina and Palaeagama (Broom 1926) not 
shown in von Meyer’s figures of Protorosaurus. According to 
Peyer (1937) there are no humeral foramina in Macfocnemus 
and TanystinopTuus which Peyer regards as related to 
Protorosaurus. 

Weigelt (1930) refers to the entepicondylar foramen found 
by Etzold in Protorosaurus. He also calls attention to the 
SpheTwdouAYks. shoulder girdle of his GracUisaurus. In 
GraciUsaurus the cervical vertebrae and ribs are like those of 
Protorosawrus. The fronltal hones are deeply sculptured, and 
the coracoid is single. 

Prolacerta then closely resembles Protorosaurus and GracUi- 
saurus in the characters available for comparison, and these 
genera should be placed in the same general group. This could 
be expressed by mergence of the Protorosauridae with the 
“Eosuchia.” Peyer (1937) and Huene (1938a) have already 
noted resemblances between some of these forms and Welles 
(1943) indicates the rather wide separation between Protoro- 
saurus and Araeoscelis. Welles also has suggested placing 
Protorosaurus in the Eosuchia. 

It would seem preferable to substitute Huxley’s name Pro- 
iorosauria for Broom’s Eosuchia. Eosuchia was proposed 
later; furthermore the original genus Eosuchus is a crocodilian. 
“Eosauria” might be suggested but Eosaurus has turned dtit 
to be an amphibian. 

SYSTEMATIC POSITION. 

A. Prolacerta retains the following primitive reptilian 
characters ; 

Median elements of skull roof all separated by suture, brain 
case largely membranous, external nares anterior and paired, 
epipterygoid with a quadrate process, quadratojugal present, 
vertebrae notochordal, intercentra present, ribs on all cervical 
vertebrae, nbs bicipital, no cranial osteoderms. 

B. The upper and lower temporal fenestrae of Prolacerta 
place it in the subclass Hiapsida, although the jugal-quadrhto- 
jugal arch is incomplete. 

C. The skull, dental and vertebral characters of ProVacerta 
relate it most closely to Protorosaurus. 
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D. Trolacerta agrees with Yowngma^ and Yowngopm 
(Broom 1936, 1937, Olson and Broom 1937) in the arrange- 
ment of the elements of the skull roof and jaws. The palate is 
similar to Youngopsis and the posterior palatal elements resem- 
ble those of Tangasaurus. These may now be placed in the 
superorder Protorosauria (=Eosuchia). 

E. Prolacerta possesses a streptostylic quadrate and in this 
respect agrees with the Squamata, and is probably ancestral 
to the lizards, in a general way. 

F. The Squamata must then be regarded as diapsids 
rather than parapsids, despite their lack of a lower temporal 
arch. 

G. Prolacerta resembles Sphenodon and the rhynchosau- 
rians in the shape of the squamosal, the fusion or loss of the 
supra-temporal, the forward extension of the pterygoids and 
in other features. This would justify derivation of the 
Rhynchocephaha as well as the Squamata from the Protoro- 
sauria. 

H. Prolacerta stems possibly to lie near the point of diver- 
gence of the Rhynchocephalia from the Protorosauria. Its 
concert of characters seems to place it in the Protorosauria 
( = Eosuchia), and within the family Protorosauridae. It can- 
not be directly ancestral to the rhynchocephs because of the 
break in the lower temporal arch and the freeing of the 
quadrate. 

I. The Thalattosauria have a slender posterior jugal pro- 
cess which probably did not reach the quadrate or quadrato- 
jugal. The structure of the two temporal arches and the 
position of the supratemporal bone may indicate derivation 
from the early Protorosauria. 

J. Araeoscelie could be regarded as an example of an early 
Permian ancestor of the later “Parapsida” and the Diapsida. 
Resemblances to Protorasaurus, as well as to the Sauro- 
pterygia, appear to be present. The position of the ichthyo- 
saurs is extremely doubtful. 

K. Parrington (1935) has assigned Prolacerta to the 
“Theocodontia.” This evidently follows Watson’s and Smith- 
Woodward’s use of that term in the last edition of Zittel, where 
the Eosuchia are placed in Theocodontia together with the Pely- 
cosimia, Parasuchia, and Pseudosuchia. Owen {I860) includes 
the following “types” in his “Order VII, Thecodontia” : Theco- 
dontosav/rus and P alaeosaurv^s from the Upper Triassic near 
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Bristol, Cladyodon of Warwickshire “with which, probably the 
Belodon of the Keuper Sandstone of Wirtemberg is generically 
synonymous,” and Bathygnathus Leidy “which is probably a 
member of the present order which seems to be a forerunner 
of the next Order VIII Dinosauria.” 

So, Owen evidently intended his Thecodontia to include the 
archosaurian Pseudosuchia+Phytosauria (= Huxley’s Para- 
suchia). If the term Theocodontia is to be retained it may be 
better not to include therein the Protorosauria ( = Broom’s 
“Eosuchia”). The Archosauria may then be conveniently 
retained as a group equivalent in rank to the Lepidosauria. 

L. The earliest and most primitive known archosaurs 
appear to be the lower Triassic genera Proterosuchus and Chas- 
matosaurm. Proterosuchus is imperfectly known and it is 
possible that the two belong to the same genus. Both have a 
similar dentigerous pattern on the palate. The teeth are fused 
to the alveoli and have been described as “acrodont.” It 
might be desirable to restrict the term acrodont to those types, 
such as rhynchocephalians and Agamidae, in which there is a 
higher state of fusion accompanied by a loss of tooth replace- 
ment in the adult. In Proterosuchidae the replacement teeth 
appear to be successional. All told, the insertion is of course 
not strictly thecodont and appears to be of the same type to be 
seen in Prolacerta and Protorasaurus. 

The resemblances between the Proterosuchidae and Prola- , 
cert a and Yov/ngina also include the presence of a short row 
of teeth on the transverse process of the pterygoid ; similar rela- 
tions between the vomers, the palatines and the pterygoids; 
similarly shaped pterygoids ; narrow interpteryoid space ; 
and elongate, rod-like parasphenoidal rostrum. 

The skull of Chasmatosaurus differs from the lepidosaurs in 
having an antorbital fenestra as well as a phytosaur-like bony 
case around the forebrain. Laterosphenoids and orbito- 
sphenoids are presumably present. There is a small inter- 
parietal bone in ChasTTLatosaurus but the tabular has not been 
recognized. 

Huene originally regarded Erythrosuchus as the chief exam- 
ple of his new order Pelycosimia. Later this group was reduced 
to the rank of a superfamily, with the invalid name “Pelycosi- 
mioidea,” to include all the known Pseudosuchia. For the pres- 
ent it might be preferable to separate the Pseudosuchia into at 
least two main groups: (1) the Aetosauroidea to include 
EuparJeeria and the armored stagonolepids, and (2) the 
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Proterosuchoidea (new name) to include the Erythrosuchidae. 
The Proterosuchidae appear to have been derived from the Pro- 
torosauria, theoretically from an early foim such as Youngina, 
in which the lower temporal arch and quadrate are quite intact. 

KEliATIONSHIPS OP PUOTOROSAURIA. 

The phylogeny of the Protorosauria might be expressed as in 
the accompanying diagram (Text Fig. 12). 

A suggested classification based on this phylogeny would be • 
Class Peptilia. 

Subclass Anapsida. 

Order Cotylosauria. 

Order Testudinata. 

Subclass Synapsida. 

Order Pelycosauria. 

Order Therapsida. 

Subclass Parapsida. 

Infraclass Araeoscelidia (possibly including the Trilo- 
phosauridae). 

Infraclass Synaptosauria (doubtful relationships). 

Infraclass Ichthyopterygia (doubtful position). 

Subclass Diapsida. 

Two or more temporal fenestrae (lost in Squamata). 
Infraclass Lepidosauria, Haeckel 1868 ( = Tocosauria, Haeckel 
1870, partim). 

Primitively with two temporal fenestrae, no antorbital vacu- 
' ity, and a supratemporal bone; tabulare absent; latero- 
sphenoids reduced or absent; pineal foramen usually 
present. 

Superorder Protorosauria, Huxley 1871 ( = Eosuchia-l- 

Trachelosauria, and Protorosauria of Williston, partim). 
Quadrate usually fixed; usually with a supratemporal bone, 
a quadratojugal. 

Order Prolacertiformes ( = Eosuchia, s.s.. Broom 1914, 
Haughton 1929, Huene 1926b Protorosaundae ; = 
Prolacertilia, partim, Huene 1940). 

Nares terminal, a lower temporal arch. Includes: 
Protorosauridae, Saurosternidae ( = Younginidae), 
Tangasauridae. 

Order Trachelosauria (Broili and Fischer 1917; Peyer 
1937). 

Tanystrophaeidae. 

Nares dorsal; apparently no lower temporal arch. 
Order Thalattosauria (position uncertain). 

Limbs in the form of paddles, palate narrow, teeth 
acrodont. 
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Order Acrosauria (position doubtful, cf. Broili 1926). 
Pleurosauridae. 

Superorder Rhjncbocephalia. 

Quadrate fixed," a quadratojugal; no separate supratem- 
poral bone. 
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Pig. 12. Phylogeny and relationships of the Protorosauria. 
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Superorder Squamata. 

Streptostylic quadrate; no ossified quadratojugal, supra- 
temporal commonly present. 

Infraclass Archosauria. 

Primitively with two temporal fenestrae and an antorbital 
vacuity; supratemporal absent; tabulare (or supratem- 
poral.^) present in Phytosauria; laterosphenoids extensive; 
pineal foramen usually absent. 

Superorder Thecodontia. 

Order Pseudosuchia. 

Superfamily Aetosauroidea. 

Superfamily Proterosuchoidea. 

Order Phytosauria. 

Superorder Crocodilia. 

Superorder Dinosauria. 

Superorder Pterosauria. 

AGE UEIiATIONS AND DISTKIBUTION. 

The Lystrosaurus zone in the Karroo Series of South Africa 
has usually been considered as Lower Triassic in age. Ele- 
ments of the fauna of this zone are widespread (Huene 1940a). 
Lystrosaurus and Chasmatosaurus occur together in Central 
Asia (Sinkiang) as well as in South Africa. Hr. Philipp Yuan, 
who collected the Asiatic material, has told me of a small, 
undescribed skull which was being studied by Dr. Ting-pong 
Koh. This specimen was taken to Munich and is mentioned by 
Huene Us “gen. et sp. nov. Prolacertiliorum,” indicating its 
resemblances to Prolacerta. 

A combination of three “South African” elements in the 
Lower Triassic or Upper Permian of Central Asia would be 
noteworthy. An extreme western occurrence of Lystrosaurus^ 
is at Orenburg province, in the southern Urals, 46 km. south- 
east of the town of Orenburg on the Donguz River in beds of 
“continental Lower Triassic,” (Efremov 1938) . Eorms simi- 
lar to Chasmatosaurus are reported in beds farther west in 
Russia (Huene 1940b). Lystrosaurus has also been somewhat 
doubtfully identified from India. 

Absence of the Lystrosaurus fauna from Western Europe 
makes it probable that a hiatus, presumably the Uralian sea- 
way, traversed European Russia from north to south and pre- 
vented the land faunas from mingling during this time. Some 
land or shallow water connections between Africa and Central 
Asia were evidently maintained across the Tethys. 
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A SLAB OF FOSSIL TURTLES FROM 
EOCENE OF WYOMING, WITH 
NOTES ON THE GENUS 
ECHMATEMYS. 

CHABLES W. GILMORE. 

ABSTRACT. A slab containing fifteen turtle specimens prepared for 
exhibition in the United States National Museum is described. The article 
is concluded with a discussion of the variable structures in the carapace 
of the genus Eehmatemys. 

A UNIQUE exhibit added to the collection of fossil verte- 
brates in the United States National Museum is in the form 
of a block of matrix containing fifteen turtle shells m situ. This 
block tyas quarried from a deposit Vhere the shells outcropped 
for thirty or more feet along the hillside, and extended inward 
for an undetermined distance, thus indicating the final resting 
place of several !hund.red of these lowly reptiles. The closely 
placed shells are all lying right side up in life-like position 
forming a thin layer from four to six inches in thickness. Of 
the twenty individuals collected in and around this one block, 
all but one, Chisteraont pertain to the genus Echmatemys. 

This deposit was found by the 1930 Smithsonian Paleonto- 
logical Expedition to the Bridger Basin in southwestern Wyom- 
ing, but nothing was done with it at that time. In 1941, 
however, in the belief that a slab showing the shells in place 
would make an interesting exhibition piece, Dr. C. L. Gazin, 
in charge of the expedition of that year, was instructed to ■ 
visit the locality and if feasible to collect a block of suitable 
proportions. This was done and a slab 42 x 66 inches, weigh- 
ing more than 1200 pounds, was secured. These shells have 
been skillfully worked out in relief by Chief Preparator Norman 
H. Boss, care having been observed not to disturb their original 
relationships, as shown in Plate 1. The rock was of such a 
nature that it could not be dressed to a condition suitable for 
exhibition purposes so its surface has been entirely replaced 
by artificial matrix cast from the original and colored to 
closely simulate it. At one comer of the block is an artificial 
section of the bank that shows two of the specimens partly 
excavated. It is thought this visual conception will better 
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explain to the visitor how all were originally embedded in the 
ground. 

The quarry is located in the B horizon of the Bridger 
formation in the badlands on Levett Creek and immediately 
north of the Mountain View-Lone Tree road where it rises to 
crosis the escarpment leading to the drainage of Cottonwood 
Creek. 

The specimens are in a matrix of greenish gray tuff that 
Mr. E. P. Henderson, after a study of thin sections, reports 
on as follows: “The rock in which the turtles were found 
consists largely of volcanic debris and clay pellets. It contains 
many minerals common to volcanic ash, e.g. quartz, plagiclase, 
feldspar, biotite, greenhomblende and some devitrified glass. 
Most likely it is transported volcanic material. It may he that 
this rock represents an ash fall on a muddy basin or flood 
plain where clay pellets existed prior to an ash shower. The 
case is not clear cut either way and I can see nothing in the 
section to throw light on how the turtles could have been killed 
or covered.” 

The volcanic nature of the matrix certainly allowis ithe 
suggestion that the turtles may have originally met their death 
as the result of an ash shower. If such an explanation is 
accepted, however, it calls for their subsequent disinterment and 
transportation to their present resting place. That the assem- 
blage of such a large number of turtle specimens in this one spot 
does not represent a primary deposition after death is clearly 
indicated by the lack of articulated limbs and feet and the total 
absence of skulls, cervical, and caudal vertebrae. Likewise the 
missing carapace ends of a few specimens were absent from 
the surrounding matrix thus showing they were not broken on 
the spot. Curious enough the plastra of all are in good preser- 
vation, even those in which the carapace has suffered con- 
siderable damage. 

The fact that all of the shells are lying in natural orientation 
is also diflScuit of explanation, unless it be that the arched 
carapaces may have trapped sufficient air to cause them to 
float right side up. 

In 1908 when Dr. O. P. Hay^ made a study of all available 
EcJvmatemys specimens, he called attention to the difficulty of 
characterizing species of the genus, and pointed out at some 

^ Hay, O P : 1908, Fossil Turtles pf North America, Carnegie Insti- 
tution of Washington, Puh 76. 
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vr^ ^ showing outlines of dermal scutes, 

No. 16761 USNM. E. haydeni (Leidy); Nos. 16762 to 16776 U.S.N.M 
E. •wyominyenais About 1/10 natural size. 



Plate 1 

Slab of Echmateniys specimens Nos 16761 to 16775, U S. National Museuit^ 
shown as they lay m the ground Viewed from above About 1/10 
natural size 
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length the inconstant nature of the structures used for specific 
differentiation. These observations are abundantly verified by 
the 'Specimens now before me, even though they are from a 
co'mmon geological horizon, and presumably consist of individ- 
uals from a restricted area. 

Fifteen specimens in the block, see Text Fig. 1, four others 
collected adjacent to it, and four specimens now in the Carnegie 
Museum, Pittsburgh, Pennsylvania collected from this same 
deposit by Dr. J. LeRoy Kay, can all be certainly identified 
as belonging to the genus Eclimatemys. After long and critical 
comparison it was finally concluded that of the twenty-three 
specimens twenty-two are to be referred to Eclimatemys 'wyora- 
ingensis and one (No. 16761, U.S N.M.) to E. haydeni. 

Of the 18 specimens forming the U. S. National Museum 
series, 9 are complete enough to furnish measurements of the 
carapace. The longest measures 350 mm., the shortest 292 mm ; 
their average length is 313 mm., average width 226 mm. These 
proportions are well within the range of measurements given 
by Hay for representatives of this species. 

The vertebrals show considerable variation both in size and 
form. Of 17 specimens availaJble for comparison, 10 may be 
grouped as having vertebrals with parallel sides; 7 as being 
bracketed; 13 have the second and third vertebrals subequal 
in length; 3 have the second shorter than the third. The first 
vertebral is usually widely expanded on the anterior end, but 
as clearly shown in Text Fig. 1, Nos. 16766 and 16770 have the 
first vertebral contracted at this end. As a rule the sulci are 
moderately impressed, but there are at least two individuals 
that have them deeply impressed. The nuchal scute is pre- 
served on 9 individuals, 4 of which have the length equal to the 
width, the width slightly exceeds the length in the remaining 
five. The average length of this scute is 12.1 mm., average 
width is 13.2 mm. 

In the few specimens in which the sutures are visible, the 
neurals are consistently hexagonal. There is some variation 
in their proportions, but not more than would be expected of 
individuals within the species. All of the shells have been 
flattened by pressure which in most instances has affected their 
symmetry, and has probably widened the carapace greater 
than m life. 

Am. JotTK Scr — Vot. 24S, No 2, Febbuakt, 1945 
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In outline the carapaces are subovate, somewhat contracted 
in front of the forelegs. In most of the specimens the anterior 
ends are truncate, with or without slight emargination above 
the neck. Specimen No. 16772 differs from the others in having 
a more narrowed and pointed end. Taken all in all, however, 
the outlines of the shells are fairly constant in form, vsee Fig. 1. 
The shell surfaces are smooth, and with the exception of Nos, 
16771 and 16774 are free from median ridges. The two 
exceptions show them only on the downward slope of the 
back. 

For obvious reasons it has not been possible to contrast the 
plastra of their scutes. Regarding this portion of the Ech- 
matemys carapace Hay observes, “Little aid in the differentia- 
tion of the species has been derived from the proportions of 
the plastral scutes.” Likewise the buttresses are unavailable 
for study although much relied upon in the past study of the 
species of this genus. 

At the time of writing his Fossil Turtles of North America, 
Hay recognized twelve species of Echmatemys as occurring 
in the Bridger formation. Arranged chronologically those were 
as follows : 



DATE 

E ‘wyomingenais (Leidy)) . 

.1869 

B. haydeni (Leidy) 

1870 

B. stevensoniana (Leidy) 

.1870 

E. latilahiata (Cope) 

.1872 

E. septaria (Cope) 

. 1873 

E shaugknessiam (Cope) 

. 1882 

E arethma Hay 

1908 

E eynae Hay 

. 1908 

E ocyrrhoe Hay 

, . 1908 

E. aegle Hay 

' , . . 1908 

E. naomi Hay 

. . 1908 

E, pitsilla Hay 

1908 


In the hope of finding evidence that some of the twelve 
recognized species from the Bridger were confined to certain 
horizons of the formation, a canvass was made, not only of 
the National Museum collections, but of all other sources of 
information, with rather indifferent results. 

In addition to the series of Echmatemys specimens discussed 
in the preceding pages, the U. S. National Museum collections 
contain the remains of seventeen other individuals of this geniTS, 
four of which are original types. All of these have been col- 
lected from various localities in the Bridger Basin. Most of 
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the new materials are well preserved specimens, and although 
they can be confidently identified as to genus, their assignment 
to species is often made with reservations. Of these thirteen 
specimens two were identified as pertaining to E. wyomingemis 
(Leidy), two to E. septaria (Cope), three to E. shaugJmessiana 
(Cope), two to E. haydeni (Leidy), one to E. aegle Hay, three 
to Eclimatemys species. 

It was determined that most of the known Eclimatemys 
specimens were collected from the B horizon of the Bridger. 
Only one, E. septaria^ appears to be confined to the upper 
part of the Bndger, in either C or D horizons. One specimen 
of E. haydeni was found in C horizon, but five other speci- 
mens including the type are reported from the B level. 

In all probability, too many species of this genus have been 
named, but more specimens must be assembled before it is clear 
as to which of these could or should be eliminated. Using the 
same criteria as used in the past, I would be fully justified in 
estabhshmg at least one new species from the present assem- 
blage, but until more is learned of the range of variation in 
the genus, to do so would accomplish no useful purpose and 
would only add to an already confused situation. 

U. S. Natiokai. Museum, 

'Washinotos’, D C. 



DISCUSSION. 

THE STROMATOLITE GTMNOSOLEN NOT 
A SALINITY INDEX} 

In an earlier number of the American Journal op Science, in 
a review of the literature on stromatolites (1), it was pointed out 
that those clearly of the gymnosolen type previously had been 
recorded only from known non-marine strata or from beds thought 
to be otherwise unfossiliferous. On the basis of the published 
record it was then stated that, if one doubtful instance could be 
excluded, “one could generalize to say that where a stratum contains 
‘gymnosolen* die chances are in favor of it being non-xnarine and the 
burden of proof is on the dissenter from this conclusion” (2). The 
conclusion proffered was that “although stromatolites of the gym- 
nosolen type may suggest a fresh water habitat, they can be only 
contributory evidence and other criteria must be sought” (3). 

Shortly after publication of this review a letter from Dr. Curt 
Teichert informed me of the existence of a gymnosolen in probable 
marine strata in Australia. Subsequently I have observed 
undoubted gymnosolen in marine Upper Cambrian strata (cherts 
of the Copper Ridge dolomite) of the southern Appalachian region 
and in marine Lower Ordovician limestones (especially the unit 
known as the Cool Creek limestone) of the Wichita and Arbuckle 
Mountains in Oklahoma. More recently W. F. Whittard and 
Stanley Smith (4) have recorded the occurrence of gymnosolen in 
marine middle Silurian (Wenloek) limestone. 

From the evidence now at band it is clear that gymnosolen by 
itself offers no clue as to whether the strata containing it were 
deposited in fresh or saline waters. 

Earlier conclusions regarding the correlative value of strom- 
atolites (6) have been substantiated in the field by the observed 
reliability of gymnosolen as indicative of the Upper Cambrian 
Copper Ridge strata of certain structural belts in northeast Ala- 
bama and northwest Georgia as contrasted with its complete unreli- 
ability in regional correlation. 

Repebences 

(1) Cloud, P. E, Jr; 1942, Notes on stromatolites, Amer Jour. Scl, 
Vol. 240, pp 363-379 

(2) Idem., p. 372. 

(3) Idem, p. 373. 

(4) mittard, W. P , and Smith, Stanley 1944, Geol. Mag , Vol. 81, no. 2, 
pp. 71-72, PI. 3. 

(5) Cloud, P E., Jr.’ idem,, p 369 
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SCIENTIFIC INTELLIGENCE 

Chemistry. 

Vegetable Fats and Otis. Thetr Chemistry, Production and 
Utilization for Edible, Medicinal and Technical Purposes', by 
George S. Jamieson. Second Edition. American Chemical 
Society, pp. 508. Monograph Senes, No. 68. New York, 
(Reinhold Pub. Corp., $6.76). — In the second edition of this very 
useful book the subject matter has been arranged along the lines 
of the first edition. The wealth of material which has come forth 
since the first appearance of the book has been reviewed and evalu- 
ated, and the information brought up to date. Workers in the 
field of fats will appreciate the new directions for the determina- 
tion of standard values, m particular the thiocyanogen and the 
diene number. A twenty page appendix to the book contains many 
useful data in a tabulated form. Like its predecessor, this book 
belongs to the library of everyone w'ho has more than a passing 
interest in the chemistry of fats and oils. wernbr bergmann. 

Luminescence of Liquids and Solids and Its Practical AppUca- 
tions; by P. Pringsheim and M. Vogei.. Pp. x, 201; 72 figs. New 
York, 1943 (Interscience Publishers, Inc., $4.00). — This book con- 
stitutes a noteworthy attempt to correlate the theory of luminescence 
and its applications. The task is a rather difficult one since the 
applications of luminescence involve a great deal of information 
which IS still of an empirical nature. 

Part I of the book deals with the history, theory, technique, and 
sources of luminescence. Descriptions and illustrations of apparatus 
are given. The properties of various groups of luminescent materials 
are discussed at some length. 

Part II contains a treatment of the applications of lumines- 
cence. The material is divided into two main parts: fluorescence 
analysis and luminescence as a source of light. 

In addition to extensive references a list of earlier books on lum- 
inescence is given. A useful tabulated list of important fluorescent 
materials is included also. h. m. clabk. 

Miscellaneous Scientific Intelligence. 

A Life of Travels', by C. S. Rapinesque. Being a verbatim and 
literatim reprint of the original and only edition (Philadelphia, 
1836). Pp. 292-360. Vol. 8, No. 2, 1944 (The Chronica Botan- 
ica Co., Waltliam, Mass.; G. E. Stechert and Co., New York City, 
$2.60). — The reprint edition of this biography is timely as many 
critical papers have recently been devoted to Rafinesque; it is 
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particularly appropriate to review it here since Rafinesque was 
a substantial contributor to the first volume of Silliman’s American 
Journal of Science in 1838-1819. 

Rafinesque is generally known as an idiosyncratic naturalist. 
Many share the conception that, “In his crazy notions regarding 
the multiplicity of species, Rafinesque has no equals,” but as Pro- 
fessor E. D. Merrill points out in ihe foreword, . . once his 
works do become available to a wider circle of working biologists, 
perhaps we may approach a truer evaluation of what he actually 
accomplished.” Nor should we . . forget that as early as 1832 
he forecast the general principles of organic evolution in his pub- 
lished statement. ‘The truth is that Species and perhaps Genera 
also, are forming in organized beings by gradual deviations of 
shapes, forms and organs, taking place in the lapse of time. There 
is a tendency to deviations and mutations through plants and ani- 
mals by gradual steps at remote irregular periods.’ ” To those 
who want first-hand information about Rafinesque, this reprint 
offers a chance for individual judgment of his status as a biological 
contributor. Thus, the first plant he encountered on arrival m this 
country was “new.” Similarly, he refers to “Decandole” frequently 
— in reality, as Dr. F. W. Pennell points out in his critical index, 
the Swiss botanist, de Candolle. All in all, his peregrinations, 
interests, and opinions bring him close to the reader. 

Furthermore, the story of Rafinesque's life, as here told, has 
wide appeal. For example, “. . . it appears that who ever travels 
by sea in the cradle or very early, is never liable afterwards to this 
singular disorder (sea sickness). It seems also that whoever can 
ride backwards in a coach without difficulty is not liable to it; but 
whoever cannot, will suffer sadly from it. ... Having never 
read any where these two observations of mine, I venture to 
notice them here, that they may be confirmed by extensive experi- 
ence.” Rafinesque does not even consider the possibility that his 
observations might he rejected as erroneous! But that same con- 
fidence enabled him to amass a small fortune in Sicily by pre- 
paring and shipping dry Squills for use as an emetic. The account 
of the loss of all he possessed in a shipwreck off New London on 
his return to this country in 1815, his comments on co-education in 
Kentucky — “then began my lectures on Natural History to a class 
of ladles and students . . .”, are among the many passages which 
make delightful reading. daniel merriman. 

Chemical Engineering Thermodynamics] by Barnett F. Dodge. 
Pp. 668; 182 figs. New York, 1944 (McGraw Hill Book Co., $6.00). 
— Here is a thorough and mathematical treatment including a com- 
plete and careful explanation in English. The first two^ chapters 
cover the fundamental concepts and the two fundamental hypo- 
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theses, or “laws,” with the review of some mathematical relation- 
ships to be used in the later chapters. The discussion is clearly 
intended for the advanced student, and it would probably not be 
correctly understood by the beginner. Although it is clearly stated 
on page 20 that “work is concerned only with action against forces 
external to the system,” and on page 24 that "energy which is stored 
in a system, .... is not to be associated with the term heat,” 
the symbols for work and for heat are each equated to changes 
taking place within the system. This tends to be confusing to the 
beginning student. 

The tliird and fourth chapters cover mathematical development of 
the first and second laws in an orthodox manner except for a 
redefinition of the function F on page 161. At no other place is 
any attempt made to cover surface, electrical or effects other than 
beat, compression and chemical. This is a shortcoming which can 
be easily remedied by the instructor. The pressure-volume-tem- 
perature relationships and equations of state are presented in chap- 
ter 6 and used in chapter 6 to develop the thermodynamic proper- 
ties of fluids. 

The last seven chapters bear titles that a chemical engineer 
would expect to find in a text on unit operations. But Dodge has 
correctly covered the application of thermodynamics to chemical 
engineering problems in these chapters and by use of the chapter 
titles has emphasized the importance of thermodynamics to the 
chemical engineer. The treatment and information presented are 
invaluable to anyone dealing with these operations or teachmg 
chemical engineering 

The reviewer has used tifie text successfully in a course for grad- 
uate students in chemical engineering. The book appears to have 
been written primarily for this purpose or for a reference volume 
for practicing engineers who will find it useful not only in their 
practical work but also as a means for reviewing their fundamental 
principles. The complete explanations and large number of 
examples demonstrating the application of the principles and the 
derived equations make the volume ideal for self-study. With skill- 
ful handling and the addition of problems it might prove satis- 
factory for undergraduate work, but it appears not to be arranged 
for this purpose and is burdened with many equations of special 
application. 

There are surprisingly few places where the reviewer would ask 
for further explanation. The stable and neutral equilibria of 
Gibbs appear to have been merged into a single concept which may 
have lead the author to state that dF = 0 is a criterion for equi- 
librium but that AF = 0 is not. 

Chemical Engineering Thermodynamics is an excellent treatment 
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recommended as essential to all practicing chemical engineers^ 
teachers, and advanced students. george granger brown. 

Old Oraibi, A Study of the Hopi Indians of the Third Mesa^ by 
Mischa Titiev. (Papers of the Peabody Museum of American 
Archaeology and Etlinology, Vol. XXII, No. 1, 277 pages. Cam- 
bridge, 1944) — This long awaited monograph fulfills expectations 
in offering the most complete account of a Hopi town to date. It 
follows the usual pattern of Pueblo studies in that the bulk of the 
material presented is concerned with ceremonialism. The next 
most extensive topic covers kinship and social organization A well 
integrated chapter on “Economic Background” rounds out the 
picture. 

In Titiev’s analysis of the marriages of 826 individuals, it is 
revealed that 34 per cent of the people studied have participated in 
from one to eight divorces. This will come as a surprise to many 
who believe divorce was comparatively rare. 

His discussion of the feud that brought about the disintegra- 
tion of Oraibi raises many interesting questions and offers a pos- 
sible solution to some archaeological problems. The author sug- 
gests that such intra-Pueblo conflicts may have caused the sudden 
abandonment of some of the large Pueblo ruins of the Classic 
Period. 

The material on warfare and its associated rituals, although lim- 
ited, is most welcome, as there is little information on this phase 
of Pueblo culture in previous literature. 

It is regrettable that the author was unable to devote more time 
to the study of material culture. It seems to the reviewer that 
this is the most neglected phase of Pueblo culture. Although 
some information is scattered in many papers, there is need of 
complete studies of the material culture of several Pueblo groups. 

JOHN M. GOOGIN. 

PUBLICATIONS RECENTLY RECEIVED 

New York State Museum Handbook 19, Gmde to the Geology of the Lake 
George Region; hy D H Newland and H. Vaughan Issued September 
21, 1943 Bulletins as follows s No. 325. Geology of the Willsboro Quad- 
rangle, New York; by A. F. Buddington and L. AVhitcomh, 1941; No. 326 
Geology of the Wellsville Quadrangle, New York; by J G Woodruff; 
No. 327. Paleontology and Geology; by R Ruedemann and B F. Howell, 
Albany, 1942. 

The Theory of Resonance and Its Applications to Organic Chemistry; by 
G W. Wheland. New York, 1944 (John Wiley and Sons, $4.60). 

Outline of the Amino Acids and Proteins, edited by M. Sahyn, et al. New 
York, 1944 (Reinhold Pub. Corp., $400). 

Mississippi State Geological Survey. Bulletin 59. Mississippi Minerals; 

by W. C. Morse, University, 1944. 

U. S Geologcal Survey; 60 Topographic Maps. ^ 
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SEDIMENTATION IN SOUTH CAROLINA 
PIEDMONT VALLEYS. 

STAFFORD C. HAPP. 

ABSTRACT. Valleys of the South Carohna Piedmont are narrow and 
youthful in form, but their flood plains are being aggraded by deposition 
of sand and reddish, micaceous, sandy silt, which are believed to be the 
products of soil erosion during the agricultural period of about 160 years 
The “modern” deposits cover a dark topsoil horizon, believed to represent 
the more stable alluvial surface prior to white settlement and clearing of 
the forests. The average thickness of “modern” deposits is about 4 feet, 
which 16 equivalent to removal of about 3.1 inches from the tributary 
uplands. Erosion surveys by Soil Conservation Service methods have indi- 
cated about twice this amount of soil loss. The valley sedimentation, and 
especially sand deposition, causes a major part of frequent flood damage 
on about 80,000 acres of corn land and about 40,000 acres of cleared pas- 
tures- The potential agricultural value of an additional 180,000 acres of 
bottom lands, now used only for woodland pasture but partly cultivated 
in the past, is also bemg progressively reduced by the sand overwash. Soil 
conservation practices on the uplands, as now advocated by the Soil Con- 
servation Service and other agencies, may reduce valley sedimentation rates 
somewhat, but any maj'or improvement evidently will require more direct 
reclamation measures. 

INTRODUCTIOir. 

S OIL erosion has been the subject of extensive publicity in 
the United States during the past decade, and sedimenta- 
tion has often been mentioned as one of its harmful effects. 
Undoubtedly soil erosion has increased the sediment loads of 
many streams and contributed much of the sediment deposited 
in water supply reservoirs. The relations between soil erosion 
and sedimentation in major rivers and valleys, and in harbors, 
are not yet clearly established. There are, however, some 
parts of the United States where the valleys of creeks and the 
smaller rivers have been appreciably aggraded since white 
settlement, apparently as a result of increased erosion rates 
following clearing and cultivation of the tributary uplands.^ 

* For a general discussion, see Happ, Stafford C , Rittenhouse, Oordcm, 
and Dobson, G C.: 194^, Some Principles of Accelerated Stream and Valley 
Sedimentation, Z7. 8, Dept. Agrlc. Tech BvZl. 695, 133 pp. 

Am. Jorm. Sci — Vox. 243, No 3, Mabch, 1945 
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One of the areas of notable aggradation of small streams and 
valleys is the South Carolina Piedmont (Text Pig. 1). A 
systematic reconnaissance of valley sedimentation conditions 
in this area was made by the writer during the winter of 1936- 
37. Test borings were made in 45 valleys, including most of 
those over ten miles in length, and observations covered about 
one per cent of all the valley areas. A few months later more 
detailed studies were made in the valleys of Ferguson Creek 



Pig 1 The Piedmont in South Carolina, in relation to other physio- 
graphic provinces and major river systems 


and Tyger and South Tyger Rivers, with the assistance of 
Gordon Rittenhouse, Earl H. Moser, Jr,, and Mark P. Con- 
naughton. The detailed studies were extended to the valley 
of Little Ferguson Creek, a tributary of Ferguson Creek, by 
Eldon M. Thorp in 1939-40. These studies were made near 
the central part of the South Carolina Piedmont, in vaUeys 
which appear to be reasonably representative of average con- 
ditions, and they support the general conclusions originally 
derived from the more widespread reconnaissance. 
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IDENTIFICATION OF MODEEN FLOOD PLAIN DEPOSITS. 

Practically all the Piedmont valley flood plains are covered 
with “modern” sediment, whicli is defined 'as the sediment 
deposited under the influence of accelerated soil erosion since 
white settlement. The upper two or three feet of alluvium is 
usually brown or reddish-brown, similar in color to the subsoils 
of adjacent gullied uplands, and these reddish-brown deposits 
are generally recognized as the products of accelerated soil 
erosion. In the upper few miles of many valleys, where stream 
channels are generally less than five feet deep and flood plains 
less than 200 feet wide, the reddish-brown deposits commonly 
lie on a dark gray horizon which is the buned, pre-modem 
alluvial topsoil, underlain by lighter gray or yellowish subsoil. 
This vertical sequence shows that flood plain aggradation has 
buried a former more stable surface, on which a definite topsoil 
horizon had been developed from silty vertical accretion 
deposits. The silty vertical accretion deposits rest on sands 
accumulated by earlier lateral shifting of the stream. Partial 
burial of fences and young trees indicates rates of deposition 
that would account for all of the reddish-brown deposits in 
less than the average period of 150 years of accelerated soil 
erosion. In many places the buried old topsoil can be traced 
laterally and shown to be coextensive with the topsoil still 
partly preserved on the lower slopes of the valley sides. In 
these places the reddish-broirn deposits surely represent the 
accumulation during the penod of accelerated soil erosion. 

When traced down the valleys, the buned old topsoil is 
found at progressively greater depths beneath the flood-plain 
surface, and within a few miles it usually pa'sses beneath the 
ground-water table. Nearly all of the alluvium below the 
water table is gray, and color mottling is a distinctive feature. 
Where the modern deposits are now below the water table they 
usually have this gray color, and here the brown deposits rep- 
resent only part of the modem sediment. This is the condition 
throughout most of the Piedmont valleys, and it is a major 
factor in interpretation of the sedimentary sequence because 
the gray beds usually are exposed in stream banks at about 
the water level, which controls the ground-water table. When 
moist the gray sediment is dark, or almost black, and usually 
it is impossible to see that this dark horizon does not overlie 
a lighter subsoil as would be expected if it were actually an 
old topsoil. The true relations become apparent when borings 



116 


Stafford C. Happ. 

are made to study the sediment below the water table, where 
examination is not otherwise possible. 

Where the modem sediment is partly below the water table 
a distinct buried topsoil horizon, with a lighter-colored subsoil 
under it, was found in only about ten per cent of nearly 200 
test borings. Nearly half of these borings show a moderately- 
dark, gray horizon at depths similar to those of the few old 
topsoil horizons, and in reasonable agreement with a uniform 
downstream projection of the contact of brown modem sediment 
on the topsoil, but with no evidence of an underlying subsoil; 
the other half of the borings failed to show even a distinctly 
dark-gray horizon. If the few definite old soil horizons, and 
the larger number of dark gray horizons at similar depths, 
be taken as an indication of the depth of modem sediment, this 
average depth is about four feet. 

Other studies have established that, prior to the present agri- 
cultural development, valley flood plains were generally suffi- 
ciently stable for development of alluvial soil horizons through- 
out the eastern and central United States. Failure to identify 
such soils in most of the South Carolina flood-plain borings 
may be due to any one, or any combination, of three conditions ; 

1) The flood-plain deposits include much coarse, well-washed 
sand, which caves badly in auger holes below the water table. 
The dark, soil-like horizons are often of fine material which may 
be easily washed off the auger or mixed with sand from higher 
horizons. Possibly the masking effect of the loose sand has 
been sufficient to prevent recognition of a lower soil horizon 
in many places ; 

2) The Piedmont valleys are relatively narrow, and are 
frequently flooded. Possibly floods and streambank erosion 
were sufficiently active, even under pre-agricultural conditions, 
to make the flood-plain surfaces less stable than in other regions 
where valleys are relatively wider or floods less frequent and 
less violent. The many bedrock shoals and irregular gradients 
also testify to the youthful character of the valleys, which 
would indicate relative instability of the flood plains. Under 
such conditions dark alluvial topsoils may never have developed 
over most of the Piedmont flood plains ; 

3) The narrow valleys and comparatively steep gradients 
are conducive to high velocities of overbahk flood flow, and con- 
sequent active scouring of the flood-plain surface. A large 
part of the valley sediment is in the form of bars or splays* 

• See page 24, U. 8. Dept. Agrio. Tech. Bvll. 696, op. eit. 
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of coarse sand, indicating overbank deposition from currents 
of considerable velocity. Fresh scour channels are also com- 
mon on the flood plains at many places. It may be, therefore, 
that the flood-plain surface has been extensively scoured by 
overflow waters during the period of modem sedimentation, 
at many times and many places, and the sediment accumulation 
may be largely in the form of replacement of former alluvium 
thus scoured away. In this process much of any former alluvial 
soil horizon may have been destroyed by scouring, although the 
flood plains as a whole have been aggrading. 

It is reasonably certain that each of these explanations 
applies in various places, but present information is not ade- 
quate to determine which may have been dominant, on the whole. 
The few definite buried soil horizons, and the less certain dark 
horizons at similar depth, are bdieved to provide a fair guide 
to the average thickness of the modern sediment, but it is not 
yet possible to interpret the Piedmont valley sedimentation in 
as much detail, with as much assurance, or in as exact quanti- 
tative terms, as can be done in many valleys in other parts of 
the country. 

In a few places multiple dark horizons have been found, 
separated by lighter-gray strata which are often more sandy, 
but none of these places shows more than one definite soil pi^ofile 
sequence, with unmistakable subsoil development. Probably 
many of these dark horizons represent swampy deposits, in 
which considerable organic coloring material was preserved, 
separated by more sandy deposits which filled the low swampy 
places during major floods. Such dark horizons have no certain 
significance as time markers. Some appear to be in the modem 
sediment, and some among the older flood-plain deposits. Per- 
haps some of the older dark horizons are similar in age to the 
buried organic deposits reported in the valley heads and upland 
dales by Eargle® and which Bryan^ has suggested may be 
associated with widespread periglacial Pleistocene climate. 
Text Fig. 2 illustrates conditions in one of the places where 
the pre-agricultural topsoil can be identified most convincingly, 
and a lower, older deposit of high humus or organic content is 
also present. 

* Eargle, D. Hoye; 1940, The Relations of Soils and Surface in the South 
Carolina Piedmont, Science, Vol. 91, pp. 837-888. 

* Bryan, Eirk: 1940, Soils and Periglacial Phenomena in the Carolinas, 
Science, Vol. 91, pp. 523-524. 
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CONDITIONS IN MAJOR VALLEYS. 

In the valleys of the Savannah, Broad and Wateree Rivers, 
which are influenced by large mountainous headwater areas, 
there are many fresh sand-bar deposits along the channels and 
spread on the flood plains, but it is uncertain whether or not 
progressive flood-plain or channel aggradation is taking place. 
Most of the fresh deposits appear to be of transitory character, 
subject to removal during later floods, and possibly equalled 
by flood scouring and bank erosion on other parts of the flood 
plains. The amount or proportion of sediment carried by the 
main rivers from the Piedmont into the Coastal Plain is also 
unknown. 



Fig 3 Cross section of Ferguson Creek Valley, about 400 feet above 
confluence with South Tyger River, Spartanburg County, S C Test bor- 
ings (vertical lines) show that the dark, pre-agricultural topsoil (heavy 
solid line), which is undeilain by a lighter subsoil near the valley sides, can 
be traced into a dark alluvial lioniMin, but lacking a definite subsoil, which 
extends across most of the flood plain (broken line) The ground water 
table (W) IS close to the “old soil” horizon, and the prominent color change 
usually occurring near the water table often obscures the soil horizon 
Part of the “modern” alluvium is reddish and clearly stratified (horizontal 
ruling), and hence is too recent to have been modified greatly by soil 
processes. Sand (dotted pattern) probably consists chiefly of old channel 
deposits, and the fact that it is mostly below the “old soil” and present 
stream bed indicates that there has been no great channel migration or 
aggradation during accumulation of the "modern” overbank deposits. 
Micaceous, poorly-sorted colluvium (cross-hatched), obviously of local deri- 
vation, underlies the “old soil” at the valley sides, and in some places over- 
lies a dark peaty alluvial horizon (P) which may be an “older” buried soil. 
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The Saluda River also has an appreciable area of mountains 
in the upper part of its drainage basin, but the mountainous 
area is smaller in proportion to its Piedmont area, and in 
sedimentary features the Saluda valley appears to be inter- 
mediate between the smaller Piedmont valleys and those of the 
larger rivers. 

Artificial lakes, impounded by dams built to provide water 
power, occupy a large part of the major valleys, and are 
major factors in the sedimentation conditions. Much sediment 
is accumulating in the lakes, but no attempt was made to 
measure this during the reconnaissance of valley sedimentation 
conditions. 

THE AMOUNT OF SEDIMENT. 

Soil surveys show that bottomlands comprise about six per 
cent of the South Carolina Piedmont.® An average depth of 
four feet of modern sediment, covering six per cent of the area, 
would be equivalent to an average removal of 3.1 inches of 
soil from the remainder or upland part of the area. This is 
based on the assumption that upland soil and valley sediment 
have the same weight per unit volume, which is a reasonable 
approximation. The period of accelerated soil erosion has 
probably averaged about 150 years, and hence the average 
rate of sediment accumulation appears to have been about 
1.1 acre feet per year per square mile of contributing area. 
The present rates of erosion and sedimentation are probably 
higher than this average, as erosion is partly a cumulative 
process. If the rate of increase has been uniform the present 
rate should be twice the average, or 2.2 acre-feet per square 
mile per year. 

Stream channels occupy between ten per cent and fifteen per 
cent of all Piedmont valleys, according to reconnaissance data. 
The amount of modem sediment in the channels cannot be 
determined by direct observation, as it can in many places on 
the floodplains, because channel deposits are transitory and 
subject to alternating removal and replacement, especially 
during major floods. Old survey records in this area have 
not been found adequate as a basis for measuring the changes 
in stream-bed elevations over specific periods of years. In many 
places the stream beds are now higher than the pre-modern 

® Computed from data on surveys of 16 counties, which together comprise 
about 90 per cent of the Piedmont plus small parts of the adjoining Coastal 
Plain and Blue Ridge Mountains 



120 Stafford C. Happ. 

alluvial soil, however, and this clearly shows that the stream 
bed has been aggraded. Stream aggradation is also indicated 
by the fact that the ground-water table is now higher, in many 
places, than the base of the modem flood-plain deposits. 

In some places borings have penetrated entirely through the 
alluvium to the underlying bedrock, and in several such places 
the modern sediment represents about one-third of the entire 
thickness of flood-plain deposits. If these instances are typical, 
and if the pre-modern channels were similar to the present 
channels in depth, as seems probable, then the modem channel 
aggradation has probably been at least half but not more than 
twice as much as the flood-plain aggradation. The scanty evi- 
dence will not justify more precise estimates, but these approx- 
imations appear to be reasonable! If the channel deposits are 
twice as thick as the overbank deposits, this might increase 
the average thickness of all valley deposits by as much as fifteen 
per cent ; if the channel deposits are only half as thick as those 
overbank, this might decrease the estimate of average thickness 
for all valley deposits by as much as seven and one half per cent. 
Such corrections would be well within the range of probable 
accuracy of the overall estimates. 

The sedimentation rates are higher where the valleys are 
inundated by mill ponds or larger reservoirs. In the aggregate 
the reservoirs may inundate an area twenty per cent as great 
as that of all the Piedmont bottomlands, but this includes 
appreciable areas of sloping valley sides. Prom limited data 
now available, it appears that the average depth of sediment 
in all reservoirs is not more than two feet, which, with allowance 
for difference in density, would be equivalent to only about 
one and one half feet of flood-plain deposits. The average is 
held down by the apparent small average depth of sediment 
in Lake Murray, on the Saluda River, which has at least half 
the aggregate reservoir area.® 

Some of the larger reservoirs receive a major part of their 
sediment from North Carolina, as well as some from the moun- 
tain area of South Carolina. The average age of the reservoirs 
is only about fifteen per cent of the entire period of accelerated 
sedimentation, but some part of their sediment is equivalent 
to what would have been deposited on the flood plains within 
the reservoir areas if these had not been inundated. It appears, 

“Eakin, Henry M.; 1940, Silting of Reservoirs (Revised by Carl B. 
Brown), U. 8. Dept. Agric. Tech. Bull. 624, 168 pp. See p. 128. 
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Fig 2 ^Willow tree partly buried by sedimentation on Ferguson Creek flood plain, Spartan- 
burg County, S C The tree had been partly girdled, and the section from which bark was 
stripped had then been partly covered by the new deposits This is in an area where deposition 
was unusually rapid at the time, because of a local “plug” of sand in the small stream channel 
shown in figure 1 (Photo by Rittenhouse ) 



Figs 1 and 2 — ^Fresh sand “splay” deposits, covering vegetative growth of the previous 
season, on the flood plain of the South Tyger River, Spartanburg County, S C In places 
four feet of coarse, gravelly sand had been deposited on the grass sod, during one winter 
season Photographed 2-16-1937 
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therefore, that the total volume of reservoir deposits is probably 
equivalent to an addition of not more than 0.2 foot to the 
average depth of the valley deposits, or five per cent of all the 
modem Piedmont valley sediment. 

BELATION OF SEDIMENTATION TO KATES OF SOIL EKOSION. 

Soil erosion surveys indicate that the average amount of soil 
removed from the upland part of the South Carolina Piedmont 
has been about six inches during approximately 150 years of 
agncultural use. This is the amount computed for the drain- 
age area above Spartanburg Municipal Reservoir,’®' on the South 
Pacolet River, in the upper part of the Piedmont. The drain- 
age area of 91 square miles is less than one per cent of the 
entire South Carolina Piedmont, and is not representative of 
the whole region in all respects, but field observations indicate 
that the average erosion rate may be fairly representative. 

In the much larger Lloyd Shoals Reservoir drainage area 
of 1,414 square miles, in the Piedmont of northern Georgia 
where observations suggest that erosion is somewhat more active 
than m South Carolina, erosion survey data indicate an average 
depth of soil removal of 6 4 inches.® Erosion suiweys also 
show removal of 4 8 inches from the area above University 
Lake near Chapel Hill® and 4.4 inches above Lake Michie near 
Durham,^® both in the North Carolina Piedmont where erosion 
appears to have been less severe than in South Carolina. The 
probable accuracy of erosion rates computed from these surveys 
is subject to a number of factors which cannot yet be evaluated, 
but the data appear to be consistent in supporting an estimate 
of about six inches of surface soil loss for the South Carolina 
Piedmont. 

The estimated 3.1 inches of soil loss from the uplands, rep- 
resented by Piedmont valley deposits, is equivalent to fifty-two 
per cent of the six inches of soil loss estimated from erosion 

’ Bass, T. C , and Martin, I L : 194<0, Erosion and Related Land Use Con- 
ditions on the Spartanburg Municipal Reservoir Watershed, South Carolina, 
Z7. 8. Dept. Agno, 16 pp 

® Montgomery, P. H. . 1940, Erosion and Related Land Use Conditions on 
the Lloyd Shoals Reservoir Watershed, Georgia, U. 8. Dept. Agrio., 26 pp. 

" Bass, T. C., and Martm, I L.: 1939', Erosion and Related Land Use Con- 
ditions on the University Lake Watershed, Chapel Hill, North Carolina, 
U 8. Dept. Agrie., 16 pp 

Martin, I. L, and Bass, T. C.: 1940, Erosion and Related Land Use 
Conditions on the Lake Michie Watershed, near Durham, North Carolina, 
U. 8 Dept Agric, 19 pp. 
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surveys. If the channel deposits average twice the thickness 
of flood-plain deposits, thus increasing the valley deposits by 
fifteen per cent, and if reservoir deposits amount to five per 
cent more, then the total modem sediment in the Piedmont 
valleys would be equivalent to an average upland soil loss of 
approximately 3 7 inches, or sixty-'two per cent of the estimated 
amount of soil erosion. If the channel deposits average only 
half as thick as the flood-plain deposits, this might more than 
balance the amount in reservoirs, but the equivalent average 
depth of upland erosion would be reduced only two and one half 
per cent to 3.0 inches or fifty per cent of the estimated upland 
erosion. The remaining thirty-eight per cent to fifty per cent of 
the upland erosion, according to the different estimates, pre- 
sumably is represented partly by colluvial deposits on the lower 
parts of slopes and befhind fences or other local obstructions, 
and partly by sediment carried out of the Piedmont into the 
Coastal Plain valleys and thence partly to the bays along the 
coast. Present data are not adequate to show the distribution 
of these two parts of the eroded material. 

The significance of the comparisons between sedimentation 
and soil erosion rates lies not in the specific figures derived, 
which are only rough approximations, but in the evidence they 
provide of the magnitude of the erosional and sedimentary 
processes. Techniques have been developed for mapping the 
vdistnbution of various degrees of severity of soil erosion, and 
for measuring the amount of related sedimentation on valley 
flood plains or in artificial reservoirs, but application of these 
techniques to large areas involves a vast amount of labor. It 
becomes necessary, where surveys cover more than a few hun- 
dred acres, to rely on a few sample measurements or interpre- 
tations, and to expand these results by methods which are 
partly subjective. These difficulties cannot be eliminated in the 
near future. Much experimental data on erosion rates is 
being compiled for small plots, but as yet there is no reliable 
basis for using such data in esitimiating quantitatively the 
effectiveness of erosion-retarding measures on uplands in 
improving bottom land conditions for agriculture, or in reduc- 
ing sedimentation rates in reservoirs or navigable waterways. 
Evaluation of the relation between erosion and sedimentation 
rates requires quantitative data on the distribution of the 
eroded soil, as well as on the effectiveness of various possible 
remedial measures. The latter cannot be obtained without 
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experimentation on a full field scale, but in order to judge 
whether and where such experimentation is worthwhile, it is 
first necessary to know the present conditions of sediment 
distribution. Estimates such as these for valley sedimentation 
in the South Carolina Piedmont are intended as an approach 
to such comparative data, which are not yet available for 
many areas of similar size. 

IMPOKTANCE OE SAND DEPOSITION. 

According to field identification of samples from random 
test borings in 17 representative valleys, the flood-plain deposits 
to an average depth of seven feet consist of thirty-five per cent 
sand, twenty-six per cent silty sand, thirteen per cent sandy 
silt, eighteen per cent silt and eight per cent clay-silt. The 
proportion of sand in each of these textural classes can be 
estimated only very roughly, but it appears that sand forms 
more than half of the flood-plain deposits. Most of the borings 
were made where the modern deposits are thicker than the 
general average, so these textural figures are chiefly represen- 
tative of the modem deposits. Much of the sand is medium 
to coarse, and contains fine gravel. Sand deposits averaging 
at least several inches thick cover forty-five per cent of the 
flood-plain surface at the places visited in the reconnaissance. 
These sand deposits obviously reduce the productive value of 
the land although present data are not suflScient for a quanti- 
tative evaluation of the soil damage. 

Sand is also responsible for the aggradation of the stream 
beds, with resulting increased frequency of overbank flooding, 
and swamping of parts of the flood plains. It has been noted 
in an earlier paragraph that there is fairly definite evidence 
of the channel aggradation, and that is seems most reasonable 
to estimate that this has been similar in amount to the aggra- 
dation of the flood-plain surface although it is difilcult to 
obtain a reliable measure of the changes within the channels. 
In some places the smaller stream channels are now completely 
filled with sand, so that even the ordinary stream flow spreads 
over the flood plain in shallow distributary channels. In places 
these conditions are reported by local residents to have devel- 
oped within the memory of people still living, but they are only 
of local extent. Such local channel occlusion may also have 
been common prior to the present accelerated sedimentation, 
but there can be no doubt that the large volumes of sand enter- 
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ing the streams fi’am new, deep gullies, contribute to the fre- 
quency or the likelihood of such local channel filling. Through- 
out most of the valleys it is uncertain whether the present 
stream channels have larger or smaller discharge capacities 
than the pre-modem channels, but whatever these relative 
conditions, the amount of sand in the present channels obvi- 
ously reduces their capacity and thus contributes to the fre- 
quency and depth of overhank floods. 

The extent of damage caused by the deposition of the silty 
sediment, which forms nearly half of the modem valley deposits, 
is difficult to appraise. It has commonly been assumed that 
the silty deposits are relatively infertile because they include 
much subsoil material, and have a lower organic content than 
the former alluvial soils. There is, however, still uncertainty 
as to how much of the flood plains in this area were previously 
covered by topsoils of relatively high organic content, and it 
is also evident that there must be a considerable proportion 
of upland topsoil material in the finer modem valley deposits. 
Where not excessively sandy or swampy, the modern deposits 
produce good corn crops if not flooded out during the growing 
season. Practically none of the original alluvial soil is still at 
the surface, so that its productive capacity cannot now be 
fairly compared with that of the modem sediment of similar 
texture, under similar conditions of drainage, overflow and 
cultivation. 


ECONOMIC IMPOnTANCE. 

The only important economic effect of the valley sedimen- 
tation appears to be* its relation to agricultural use of the 
bottom lands. Sand accumulation in the stream channels tends 
to increase the height and frequency of overbank floods, which 
destroy considerable amounts of farm crops, and filling of 
drainage ditches interferes with adequate drainage and thus 
reduces the productivity of the valley lands. Sand deposits on 
the flood plain are often thick enough to cause considerable 
loss of productive capacity of croplands or improved pasture, 
as well as burying young crops. The overbank deposits of 
silt and clay are apparently less harmful, although they may 
bury and destroy young crops or pasture grass at times, and 
their effect on the long-time productivity of the land has not 
yet been adequatdy studied. The sedimentation damage occurs 
chiefly during floods, and cannot be very precisely separated 
from the damage by flood water, but it is commonly recognized 
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that the sedimentation is the cause of a major part of the total 
flood damage. This has been noted in various County Soil 
Survey Reports.^^* 

No dollars-and-cents evaluation of the sediment damage can 
yet be made, but some idea of the magnitude of the problem 
can be inferred from the areas of present or potential farm 
land involved. The entire South Carolina Piedmont com- 
prises about 6,500,000 acres, of which about six per cent, or 

400.000 acres, lies in the valleys. The 1936-37 reconnaissance 
indicated that about twenty per cent of the valleys, or 80,000 
acres, were used for com, the only cultivated crop grown exten- 
sively, and about ten per cent or 40,000 acres were in open 
pasture of various stages of improvement. About twenty-five 
per cent or 100,000 acres are occupied by stream channels and 
reservoirs, or by small, isolated strips of flood plain that are 
of little value because of their inaccessibility. This leaves about 

180.000 acres that are occupied by woodland or by wild pas- 
ture, but most of which would be suitable for more intensive 
agricultural use if it were not for the excessive flood and sedi- 
mentation damage. A major part of the present crop land 
and improved pasture could also be improved considerably if 
the rates of sedimentation could be reduced. 

This paper is an outgrowth of studies which were expected 
to provide part of the physical data for an investigation of 
the feasibility of remedial measures. These further investi- 
gations have not been made, and it cannot be decided yet 
whether it would be economically feasible to control or reduce 
the sedimentation sufficiently to allow more intensive agricul- 
tural use of the valleys. Presumably any remedial program 
should involve either (1) detention basins or vegetation screens 
to concentrate sedimentation on selected areas of low value, 
in order to prevent much of the sediment from reaching more 
valuable lands farther down the valleys, (2) training dikes 
or jetties to direct sediment-carrying water to selected low 

Taylor, F W., and Rice, Thomas D • 1902, Soil Survey of the Abbe- 
ville Area, South Carolina, U S. Dept Agnc. Field Operations of the 
Burean of Bods, 1903, pp. 273-289 ; reference on page 285. 

“McLendon, W. E ; 1912, Soil Survey of Anderson County, South Caro- 
lina, U. 8. Dept. Agric Field Operations of the Bureau of Soils, 1909, pp. 
449-481; reference on page 468. 

Latimer, W. J , Deeter, E. B , Perkins, S. 0 , Hearn, W. Edward, and 
Van Duyne, Cornelius: 1921, Soil Survey of Spartanburg County, South 
Carolina, U. 8 . Dept Agnc. Field Operations of the Bureau of Soils, 1924, 
pp 409-449; reference on page 446 
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areas which would thus be built up by sedimentation until they 
could be farmed with less hazard of overflow and with better 
diainage, or (3) introduction of erosion-retarding or soil con- 
serving methods on hhe uplands to reduce sediment production 
and hence ultimately reduce rates of sedimentation in the 
valleys. 

The latter method would seem to be most logical as a long- 
time program, and would be in accord with present objectives 
and policies of the Soil Conservation Service. It is doubtful, 
however, whether present types of Soil Conservation Service 
programs will affect the general erosion rates sufficiently to 
provide major benefits in the valleys. One of the most serious 
difficulties is the fact that much of the sand, w^hich is especially 
harmful, is produced from deeply gullied lands that are often 
of such low potential value that their reclamation is uneco- 
nomical.^"* Possibly more immediate improvement could be 
achieved by some combination of detention basins or barriers 
and training jetties, with upland soil conservation and gully 
control programs to help maintain and eventually increase the 
improvements obtained by more direct methods of valley recla- 
mation. Probably some full-scale experimentation will be neces- 
sary before any adequate and sound remedial program can be 
specifically defined. 

The gully problem has been discussed by Ireland, H A , Sharpe, C. F S , 
and Eargle, D. H • 1939, Prmciples of Gully Erosion in the Piedmont of 
South Carolina, U 8 Dept Ague Tech. Bidl 633, 14'2 pp. 
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A REVIEW OF THE FOSSIL FISHES OF 
CHINA, THEIR STRATIGRAPHICAL AND 
GEOGRAPHICAL DISTRIBUTION. 

CHUNG-CHIEN YOUNG.^ 

ABSTRACT A summary of the present knowledge of fossil fishes m 
China After a brief review of the historical development of research on 
fossil fishes, all known forms are enumerated in stratigraphical order 
Their geographical distribution is made clear by a map showing all the 
main sites described in the text. A simplified systematic review is given 
at the end of the paper. 

Contents: 

1. Introduction. 

2. Historical review. 

3 Important flsh-bearing horizons. 

4) Geographical distribution 
5 Systematic summary. 

6. Conclusions. 


1 . INTRODUCTION. 

T he study of fossil vertebrates in China was begun with the 
description of mammalian teeth of Ccnozoic and Psychozoic 
age, purchased from the druggists or indirectly collected from 
other sources. The early descriptions of fossil mammals of 
China by Koken, Owen, Schlosser and others were based on 
material of such origin. During this time no fossil fish was 
recorded. 

Even in the time of Anderson’s and Zdansky’s field work 
in China, and Andrews’ expedition in northern China (Mon- 
golia),' attention was chiefly paid to the discovery of other 
vertebrates, mainly reptiles and mammals. Some occasional 
finds of fossil fishes can only be regarded as a sort of by- 
product. 

Nevertheless, a number of fossil fish localities were discovered 
during this time which yielded many interesting forms, such 
as Sinamia zdansJcyi, described by Stcnsio, the fossil fish in 
Taiku described by Tchang, and the fossil remains from Sui- 
yuan described by Hussakof, etc. During the last fifteen years 
great progress has been made in the discovery of fish remains. 
For the first time, we have made a real excavation for collecting 
fishes only, at the so-called Locahty 14} near Choukoutien. 

*Palaeontologist, Geological Survey of China, and Member of the Tech- 
nical Committee, National Resources Commission of China 
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This locality has yielded several thousands of fish remains. 
In Shanwang, eastern Shantung, we have discovered a rich 
fish level. More recently, discovery of Devonian placoderms 
was made through a number of geologists while working in 
southern China. 

From all these facts, we begin to have a fairly good idea 
concerning the fish fauna of China. Since the described liter- 
ature of fossil fishes is so scattered, and a great number of 
fish specimens secured by the Geological Survey of China are 
not yet described, it is desirable to give a short account of 
our knowledge of fossil fishes in China, especially concerning the 
stratigrapbical and geographical distribution. 

2. HISTOmCAIi B.EVIEW. 

Fossil fishes have been known to the Chinese for many 
centuries. The genus Lycoptera, and fishes of similar kinds 
from various provinces in northern China, were collected by 
natives and sold to curio-dealers. They were prepared and 
framed by those dealers and considered as treasures. A short 
account of this has been published by H. T. Chang (1921, 
pp. 240-243) in his monograph entitled “Lapidarium sinicum.” 

In the early days of the field activities of the Geological 
Survey of China, fish remains were found by many geologists 
from a number of provinces, chiefly in northern China. With 
the exception of Lycoptera^ they are represented only by iso- 
lated scales and fragmentary parts of the skeleton. Most of 
these remains belong to ganoids. They were sent to England 
for determination, but the results are not yet published. 

The fish remains from China discovered by the Central 
Asiatic Expedition were determined by Hussakof (1932), and 
those collected by Tan and Zdansky were described, Stensio 
(1935), (probably only a part of the collection included in 
this memoir). A part of the fish remains from Sinkiang di®- 
covered by P. L. Yuan, of the Sino-Swedish Expedition, were 
described by Yuan and Koh (1936). The collection of fossil 
fishes recently made by the National Geological Survey of 
China is mostly not yet studied. The first announcement of 
the discovery of Devonian fishes was made by the late Mr. 
Y. S. Chi (1940), and some others were collected by the writer. 

In view of the richness of the fossil fish fauna in China, 
further collection and proper study of them are of outstanding 
importance both for stratigraphy and vertebrate paleontology. 
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3. IMPORTANT FISH-BEARING HORIZONS. 

We shall now enumerate the known fish-bearing horizons 
in China, from old to young, stratigraphically. (cf. Table I.) 

1. Lower Devovia/n from, Yurman with Cephalaspis indet. 
The presence of Cephalaspis remains has been known for many 
years through the findings of members of the Geological Survey 
of China. A fine specimen was presented to Doctor Grabau 
who briefly mentioned it in his Stratigraphy of China. This 
specimen is still kept by him in Peiping. But quite recently a 
rich Cephalaspis-heaTiiig level has been discovered in Chuting, 
eastern Yunnan, by Y. C. Sun of the Southwestern Union Uni- 
versity and by members of the Bureau of Mine Prospects 
under C. Y. Hsieh. I recently had the opportunity of examin- 
ing the specimens of Sun and am convinced that they belong 
to the Cephalaspidae. The collection consists of several well 
preserved skulls and dermal plates of the trunk and tails. By 
careful collection, it is hoped entire skeletons will be found. 

2. Upper Devonian of Hunan amd Yv/tman with Bothriolepis 
sinensis. The rich fish-bearing locality of Tiomachien, south- 
west of Changsha, Hunan province, was first discovered by 
Chi and Yeh. Later M. N. Bien and the writer made additional 
collections from the same spot. The late Chi, in a preliminary 
study, identified the remains as Bothriolepis sinensis, a form 
closely related to B. canadensis. The presence of apparently 
the same species from the same stratigraphical horizon was 
recorded later in several localities in Yunnan province. One 
of the localities is situated in the district Kungyang and others 
east of Kunming. They were discovered by P. S. Shiung and 
the late T. Y. Hsue respectively. Now both in the Geological 
Survey of China and in the Geological Institute of the South- 
western Union University in Kunming, there is a series of 
these specimens waiting for final study. 

3. Carboniferous fish bed in Simkiang. P. L. Yuan has 
discovered two main fish-bearing levels in the vicinity of Tihua 
in Sinkiang, the lower one of which belongs to Carboniferous 
age. Yuan (1935). The fish remains of the lower beds are, 
however, not yet described. 

4. The Sinosemionotus level in Sinkiang, middle Triassic. 
This is the upper fish level of Yuan. Part of the remains were 
described by him and Koh as Sinosemionotus urumchii (1936). 
Recently, the latter author has found additional specimens 
from Sinkiang, probably derived from the same horizon. 

Am Jour. Sci — Vol. 243, No 3, March, 194!6. 
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Table I. 


Geologic age 

Fish remains 

Locality 

Remarks 

Pleistocene 

CtenopJiarpnffodon idellus 

Loc SChoukoutien 


Upper Pliocene 

Cyprinidae indet. 
Gtmiopharyngodon sp 
Hiipoplithalmichthys sp. 
Caras skis aaratus 

Sanmen, Shansi 

Taiku, Shansi 


Lower Pliocene 

Cyprinidae indet 

Barbtis szechuanensis 

Barbus brevicephalus 

Ertemte, Suiyuan, 
Nanning, Kwangsi 
etc 

Loc. 14 Choukoutien 


Miocene 

Leuciscus moeenious 

Barbus hnchuensts 

Barbus seotti 

Pseudorasbora maeroeephcda 
Bhineastes grangen 
Cyprinidae indet 

Shanwang, Shantung 

Tung Gur, Suiyiian 
Hsiawanpu, Hunan, 
etc 

Not yet published 

Early Tertiary 

Teleostei indet. 

Pappiehihys mongohensis 
Catostomus sp 

Cyprinidae indet 

Wusu and Kusha,Sin- 
kiang, Hengyang, 
Hunan etc. 

Shara Murun etc. 

Not published 

Cretaceous 

Lyeopterasp 

Lycoptera ferox 

LycopUra ainensta 

Lycoptera fragihs 

Simmta zdmiakyi 

Mesoclupea showchangensis 
Mesoclitpea globtcephala 

Jehol 

Shantung, Jehol 

Ondai Sair, 

Mongolia 

Mengyin, Shantung 
Showchang, Chekiang 


Jurassic 

Lepidottissp nov. 

Ganoids indet 

Ganoids indet. 

Ganoids indet 

Ganoids indet 

Ilifbodm sp. 

Ceratodus szechuanensis 

Weiyuan, Szechuan 
Junghsien, Szechuan 
Central Kansu 

N Shensi 

N Manchuria 
Yungteng, Kansu 
Weiyuan, Kuanyuan, 
Szechuan 

Not published 

Not published 

Upper Triassie 

Hybodus koutieneims 

Anning, Yunnan 


Middle Triassic 

Smosemionotus urumchii 

Urumchi, Sinkiang 


Carboniferous 

Fish remains 

Urumchi, Sinkiang 

Not published 

Upper Devonian Bothviolepis nnemis 

and other similar forms 

Tiomachien, Hunan, 
Kunyang, Central 
Yunnan etc. 

Not yet published 
Mostly not pub- 
lished 

Lower Devonian 

Cephalaspis indet. 

Chueting, E. Yunnan 

Not published 
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5. The upper Trias sic fish horizon from Yunnan. The other 
Triassic fish level was made known by the finding of a spine 
of Hyhodus from Anning, Yunnan. It has been described by 
me recently (1941). Indications of the presence of fragmentary 
fish remains from the same period were located in several other 
places. 

6. Jurassic Fishes. In almost every level of the Jurassic 
deposits in China there are remains of fishes to be noticed. 
In most places, however, they are only represented by frag- 
mentary specimens, apparently due to the rather primitive way 
of collecting. The following are the principal localities with 
ganoids and other fishes: 

a. Ganoids from Manchuria. 

b. Ganoids from northern Shensi. 

c. Ganoids from Kansu. 

d. Ganoids from Szechuan. 

e. Hyhodus sp. from Yungteng, Kansu and Kuangyuan in 

northern Szechuan. 

f. Ceratodus from Weiyuan and Kuangyuan, Szechuan, 

It should be noted that the ganoids from western Szechuan 
are represented by a number of well preserved specimens, at 
least one of them with even the detailed structure of the skull 
perfectly preserved. According to the determination of the 
late Y. S. Chi, it belongs to the genus Lepidotus, comparable 
with the species known from the Purbeck of England. The 
species is probably new. The untimely death of Chi interrupted 
the final description of the material which is now kept in the 
Cenozoic Laboratory of the Geological Survey of China. 

7. The Cretaceous fishes. As noted above, the upper Juras- 
sic or early Cretaceous fishes belong to the first-known fish 
remains in China. But even the best known form, Lycoptera, 
is not yet fully described. On the other hand, a thorough 
study of the member of the Amiidae, Sinamia zdansJeyi, was 
published by Stensio (1935). The lower Cretaceous Lycop- 
iera fragUis was described by Cockerell (1924-1925), and 
Hussakof (1932). The Cretaceous fish fauna seems generally 
marked by the extinction of true ganoids and dominance of 
Lycoptera and other modem looking forms. The genus Lycop- 
tera is known chiefly from north China, throughout Jehol, 
Shantung, Shensi and Kansu provinces, but some of them, 
such as the fish remains of Kienyang in western Shensi may 
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belong to Tertiary age and should be considered as Clupedae 
or Cypnmdae. In Chekiang, however, fishes of lower Creta- 
ceous age were described by Ping and Yen (1933) as Mesoclu- 
•pea, shcmchaingensis and M. globicephala, which represent the 
oldest known Clupedae in China, if the determination is correct. 

8. Early Tertiary fislies. In the early Tertiary deposits 
of China, remains of fishes are still more abundant than in 
those of the Cretaceous. Unfortunately these are generally 
in a fragmentary state of preservation, often represented only 
by isolated scales, vertebrae and other bones. Complete speci- 
mens are rarely known. Most of these are not yet properly 
described. A number of specimens have -been collected by the 
Central Asiatic Expedition and described by Hussakof as 
Pappichthys mongoliensis and Catostomm sp. from Shara 
Murun and Ulan Shireh formations in Suiyuan. They belong 
to the Eocene age. The presence of fish remains, mostly very 
fragmentary, is recorded in the early Tertiary beds of Sinkiang, 
Kansu, Shensi, Shansi, Honan, Hunan, Yunnan and many 
other places. 

9. The Miocene fish farma. The Miocene of China, although 
insufficiently known, seems to be rich in fishes. Hussakof has 
described one of the Siluridae, Rhmeastes granger^ from the 
Tung Gur formation of Suiyuan (1932) . In the upper Miocene 
of Shanwang, eastern Shantung, at least four species of fishes 
were known, viz., Leucisciis •ndocenicm, Barbus ImclmensiSy 
Barbus scotti and Pseudorasbora macrocephaloy all Cyprinidae 
(Young and Tchang, 1936). From Hsiawanpu, Hsiangshiang, 
in Hunan, fishes of the family Cyprinidae are also recorded. 

10. Pliocene fishes. In the Pliocene of China, a rich fish 
fauna occurred in the Locality 14 of Choukoutien. It is repre- 
sented by thousands of well preserved individuals, but of only 
two species, Barbus ssechuanensis and Barbus bremcephalis 
which were described by Chang (1937). From the Pliocene 
beds of Ertemte (Schlosser, 1924) and Nanning, etc., remains 
chiefly of Cyprinidae, in a rather fragmentary state, were 
reported. 

11. Upper Pliocene fishes. In the upper Pliocene (Nihowan) 
beds of Taiku, a modem looking fish, Carassms auratus was 
described by Chang (1933), In the upper Sanmenian (= Ni- 
howan) series of Pinglu, southern Shansi, remains of Cteno- 
pharygodon and Hypophthcdmichthys were recorded by Bien 
(1934a). Those fish remains found in the lacustrine deposits 
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of the same age, Cyprinidae and other fishes, are chiefly repre- 
sented by isolated vertebrae. 

12. The Pleistocene fishes. The only known locality with 
fish remains of Pleistocene age is the Locality 3 of Choukoutien ; 
these remains have been described by Bien as CteTiopharyTwdon 
idellm (1934!). 


GEOOaAPHICAIi niSTllIBtrTION. 

On the accompanying map, I have plotted all the known 
localities with fossil fishes. This will give a general view of 
what we know about the fossil fishes in China. These localities 
are scattered widely throughout the vast country. It is, there- 
fore, hoped that more localities will be found. As shown on 
the map, all the Palaeozoic fishes are restricted to south China, 
while all the fishes of later periods are much more widely 
distributed. 

As I have mentioned above, most of the collections of fossil 
fishes are merely the by-products of other geological and palae- 
ontological field explorations. With better understanding of 
the importance of the fossil fishes and by careful collecting, 
better specimens and new localities are surely going to be 
uncovei'ed from time to time. 

It is worth while to note that most of the fishes known in 
China are surprisingly similar to their equivalents in other 
countries. As examples I wish only to point out the close 
resemblance of Bothriolepis sinensis with B. canadensis and 
Lepidotus sp., with its equivalent of the Purbeck formation in 
England. Careful study of the fossil fishes of China will help 
us very much in a better understanding and correlation of the 
stratigraphy between China and other parts of the world. 

5. SYSTEMATIC SUMMARY. 

Up to now, as enumerated above, the following fishes are 
known in China: 

Osteostraci. 

Cephalaspidae indet. 

Antiarchi 

Bothriolepis sinensis 

Selachii. 

Hybodontidae 
Hybodus houtienensis 
Hybodus sp. 
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General outline map of China showing the fossil fish-bearing districts 
in China P, Devonian fish localities; H, localities with Eybodus; D, 
localities with Ceratodus, G, Ganoid localities; L, localities with Lycopteraj 
Ccj localities with remains chiefly of Cyprinidae of the early Tertiary age; 

Cl, localities with chiefly Cyprinidae and Clupedae of the late Cenozoic age. 

For detailed explanation see the text. A few sites with fishes, west of 
Tihua, are omitted 

I 

i 
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A ’R&mets} of the FossU Fishes of Chma. 

Dipnoi. 

Ceratodontidae 

Ceratodus ssechuanenszs 
Ceratodus sp. 

Ganoidei. 

Semionotidae 
Sinosemionotus urumchii 
Lepidotus sp. nov. 

Amiidae 

Stnamia zdansJeyi 
Pappichthys mongoUensis 
Lycopteridae 
Lycoptera sinensis 
Lycoptera feroio 
Lycoptera sp. 

Teleostei. 

Clupedae 

Mesoclupea shotochangensis 
Mesoclupea globtcephala 
Clnpedae indet 
Cyprinidae 

Leuciscus miocenicus 
Barbus linchuensis 
Barbus scotti 
Barbus szeckuanensis 
Barbus hrevicephalus 
Pseudorasbora macrocephala 
Catostomus sp. 

Carassius aaratus 
Hypophihalmichthys sp. 

Ctenopharyngodon sp. 
etc. . . . 

If we remember that before twenty years ago almost no fish 
remains were scientifically studied except Lycoptera, we can 
feel we have made good progress during the last two decades, 
but if we realize how few forms of the entire varied fish king- 
dom we have found up to now, we must say that we have only 
made a beginmng. It is unnecessary to say that more work 
should be done to promote our knowledge of fishes in China. 

6. CONCIiUSIONS. 

The above short account shows that we have now a better 
knowledge of the fish remains, especially those of the early 
horizons which are still mostly unknown, than when I attempted 
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Chmig-CMen Towng. 

to give a review of new vertebrate horizons in China eight 
years ago (1937). The discovery of the principal Paleozoic 
fishes was made since the outbreak of the war between China 
and Japan. 

Concerning future prospects, it is sufficient to say that, just 
as with other vertebrate fossils, China is one of the most promis- 
ing countries for fish remains. I wish only to note that in 
Kwangsi, Yunnan and Hunan the lower Paleozoic is partly 
developed as continental facies, so that we may hope to find 
more fish horizons in the Devonian as well as Silurian and older 
levels. 
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THE STRATIGRAPHY OF THE INDEPEND- 
. ENCE SHALE OF IOWA. 

IVIERRHL A. STAINBKOOK. 

Pabt II. 

DEEP WELL EECOEDS. 

Another source of infonnation about the stratigraphic posi- 
tion of the Independence shale is found in the deep well records 
of Iowa. Drilling samples have been taken from many of the 
wells and are now preserved in the files of the Iowa Geological 
Survey at Iowa City. During a study of the samples of one 
of them, W. H. Norton discovered Independence fossils which 
were submitted to the present writer for identification. The 
well is a city well of Shellsburg in Benton county, Iowa. The 
log of this well made from a personal study of the samples is 
as follows: 


Depth 

Material 

Formation and Age 

0-20 

drift 

Pleistocene 

Devonian 

20-00 

limestone, fossiliferous 

Cedar Valley 

60-80 

shale, fossiliferous*’ 

Independence 

Wapsipinicon 

80-86 

lithographic limestone 

Davenport 

85-100 

dolomitic limestone, sugary 

Spring Grove 

100-125 

limestone and blue shale 

Kenwood 

126-150 

limestone, sublithographic 

Otis 

150-166 

limestone, chert, shale at bottom 

Coggon 

160-^0 

dolomite 

Silurian 

Another 

well at Shellsburg shows the following section: 

Depth 

Material 

Formation and Age 

0-160 

drift 

Pleistocene 

Devonian 

60-60 

limestone 

Cedar Valley 

60-70 

shale 

Independence 

70-180 

limestone 

Wapsipinicon 

Other 

city wells in Benton county add to the weight of the 

evidence 

confirming the presence of shale below the Cedar Val- 

ley. The Garrison city well has this record: 


^ Fossils recovered include DowoiUina stookeyi Stainbrook, Strophonel- 
loids deeringi Stainbrook, Douvillmaria varmbilis (Calvin), Tentaculites, and 
crinoid stem segments. 
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Depth 

Material 

FormaUon and Age 

0-40 

drift, etc. 

Pleistocene 

Devonian 

40*50 

limestone 

Cedar Valley 

50-65 

blue shale 

Independence 

Wapsipinicon 

65*70 

limestone 

Davenport 

70*86 

limestone 

Spring Grove 

86-90 

limestone and shale 

Kenwood 

96-106 

limestone 

Otis 

The well 

is in a valley in Cedar Valley limestone which is 

exposed for nearly its full thickness 

in the valley wall above 

the well curb. At Vinton, the Vinton Produce Company well 

yields this log : 


Depth 

Material 

Formation and Age 

0-70 

drift 

Pleistocene 

Devonian 

70*160 

limestone, fossiliferous 

Cedar Valley 

150-170 

blue shale 

Independence 

Wapsipinicon 

170-176 

limestone, lithographic 

Davenport 

176-200 

dolomite 

Spring Grove 

200-220 

limestone and shale 

Kenwood 

220-260 

limestone, sublithographic 

Otis 

260-270 

dolomite 

Coggon 


dolomite 

Silurian 

The E. Wallace well is five and a half miles northeast of Vinton. 

The samples give this record: 


Depth 

Material 

Formation and Age 

90-160 

limestone 

Cedar Valley 

160*160 

blue shale 

Independence 

160-170 

no sample 

170-225 

limestone 

Wapsipinicon 

At Newhall a well has this log: 


Depth 

Material 

Formation and Age 

0-168 

drift 

Pleistocene 

Devonian 

168-296 

295-320 

320-340 

limestone 

shale, cnnoid segment 

limestone, lithographic 

Cedar Valley 
Independence 
Wapsipinicon 

Davenport 

340-370 

370-385 

dolomite, sugary 

Spring Grove 
Kenwood 

375-420 


Otis 

425-44.5 

446-470 

dolomite 

Coggon 

Silurian 
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At Atkins is a well yielding this record from a study of the 


samples ; 

Depth 

Materiod 

Formation and Age 

78-83 

drift 

Pleistocene 

83-200 

limestone 

Devonian 

Cedar Valley 

200-210 

shale 

Independence 

210-225 

limestone, lithographic 

Wapsipinicon 

Davenport 

226-265 

limestone 

Spring Grove 

265-270 

limestone, blue shale 

Kenwood 

270-800 

limestone 

Otis 

800-330 

limestone and shale 

Coggon 

330- 

dolomite 

Silurian 

A well at Watkins from the sample study shows this log; 

Depth 

Matericd 

Formation and A ge 

260-810 

shale 

Mississippian 

Kmderhook 

310-410 

limestone 

Devonian 

Cedar Valley 

410-420 

shale 

Independence 

420-425 

limestone 

Wapsipinicon 

Davenport 

426-445 

limestone 

Spring Grove 

445-465 


Kenwood 

Deep well at Van Home: 


Depth 

Material 

Formation and Age 

0-155 

drift 

Pleistocene 

165-247 

shale 

Devonian 

Unnamed 

247-370 

limestone, fossiliferons 

Cedar Valley 

370-420 

shale, fossiliferons 

Independence 

420^0 

limestone, dolomite 

Wapsipinicon 


In Xiinn county are a number of surface exposures of the 
shale. Near Center Point two deep wells have been drilled and 
the suites of samples from them show the presence of the shale 
below the Cedar Valley limestone. 


A well at Center Point gives this section : 

Depth Materiel 

60-80 limestone 

80-100 blue shale and sand 


Formation and Age 
Devonian 
Cedar Valley 
Independence 
Wapsipinicon 
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of the Independence Shade of Iowa* 


Depth 

Material 

Formation and Age 

100-110 

lithographic limestone 

Davenport 

110-180 

limestiHie, brownish 

Spring Grove 

180-140 

argillaceous limestone, shale 

Kenwood 

140-165 

limestone, subhthographic 

Otis 

165-186 

dolomite and limestone, buff 

Coggon 


Silurian 


The G. M. Mounce well (W 1028) near Center Point also 
shows in samples about thirty feet of shale and argillaceous 
limestone below the Cedar Valley and above Wapsipinicon. 
Crinoid segments and a fragment of an echinoid spine were 
recovered from shale at the depth of 98-106. Minute quartz 
crystals with doubly pyramidal ends are also common. 

In Buchanan county the Independence shale was first seen 
and described. In the B. F. Nabholz farm well east of Brandon, 
argillaceous beds with sandstone occurs below the Cedar Valley. 
This well is about a mile east of the exposures of the shale 
northeast of Brandon. 

At Charles City in Floyd county a well whose curb is on 
Cedar Valley limestone reveals this record ; 


Depth 

Material 

Formation and Age 
Devonian 

1-100 

limestone 

Cedar Valley 

100-120 

shale 

Cedar Valley 

120-210 

dolomite and limestone 

Cedar Valley 

210-220 

silt, etc. 

Independence 

220-300 

dolomite 

Silurian 


Farther south in Butler county at Clarkesville, the Henry 
Woods State Park well shows this log: 


Depth 

Material 

Formation and Age 

0-70 

drift 

Pleistocene 



Devonian 

70-120 

limestone 

Cedar Valley 

120-137 

shale 

Independence 


In Johnson county the W. Fisher well near North Liberty 


shows ; 



Depth 

Material 

Formation and Age 

0-180 

loess and drift 

Pleistocene 



Devonian 

130-140 

limestone 

Cedar Valley 

140-166 

blue shale 

Independence 

16^170 

limestone, white 

Wapsipinicon 

Davenport 

170-196 

limestone 

Spring Grove 

196—206 

limestone and shale 

Kenwood 
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In Iowa county several deep well sample suites indicate the 
presence of shale below Cedar Valley limestone. 


A well at Homestead 'has this log : 


Depth 

Material 

Formation and Age 

0-280 

drift 

Pleistocene 
Mississippian or 

280-470 

shale 

Devonian 

Devonian 

470-560 

limestone, fossihferous 

Cedar Valley- 

660-576 

shale 

Independence 

Wapsipinicon 

675-596 

limestone, white 

Davenport 

695-600 

(missing) 


600-620 

dolomite 

Spring Grove 

(well continues) 



At South Amana the record is as follows : 


Depth 

Material 

Formation and Age 

0-210 

drift 

Pleistocene 
Mississippian or 

210-300 

shale 

Devonian 

Devonian 

300-375 

limestone, fossihferous 

Cedar Valiev 

376-390 

blue shale 

Independence 

Wapsipinicon 

390-405 

lithographic limestone 

Davenport 

405-430 

dolomite 

Spring Grove 

430-446 

shale and limestone 

Kenwood 

446-460 limestone, lithographic 

(record continues) 

Otis 


The South Amana well is a few miles west of the one at Home- 
stead but the records differ somewhat in the thicknesses of the 
formations penetrated. These variations are readily accounted 
for as there is a great unconformity between the Pleistocene 
and the Kinderhook shale and a large one between the shale 
and the Cedar Valley limestone. The thicknesses of the Devo- 
nian formations also differ slightly, as would be expected. 
Drilling samples at the tops and bottoms of adjacent forma- 
tions show considerable mixture and the location of the boun- 
dary lines between is subject to an error of a few feet either 
way. 

In the same county but farther west is the Marengo well 
which shows : 
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of the Independence Shale of Iowa. 


Depth 

Material 

Formation and A 

0-280 

drift 

Pleistocene 
Mississippian or 
Devonian 

280-326 

shale 

Devonian 

326-4f60 

limestone 

Cedar Valley 

460-480 

shale 

Independence 

480-616 

limestone and dolomite 

Wapsipinicon 


These records, all derived from a study of the drilling samples 
of wells in the east central part of Iowa in the area of its 
surface exposures, reinforce the conclusion that the Independ- 
ence shale occurs below the Cedar Valley limestone and above 
the Davenport member of the Wapsipinicon. 

Southeast of that area in Iowa centering about the counties 
of Linn, Benton and Buchanan where most of the exposures of 
the shale occur, the Independence may be traced below the 
surface by deep well samples into Missouri. Study of the suite 
of samples from a well at Brighton, Washington county, Iowa, 
gives this record: 


Depth 

Material 

Formation and Acfe 

0-90 

drift 

Pleistocene 

Mississippian 

90-370 

limestone 

Osage 

370-650 

shale 

Kmderhook 

Devonian 

660-790 

limestone, fossiliferous 

Cedar Valley 


sandstone at base of above 

Independence 

790-890 

gypsum, limestone, chert, and 

Wapsipinicon 


dolomite 

Ordovician 

890-1000 

shale 

Maquoketa 


At Mt. 

Pleasant in Henry county, Iowa, 

a well yields this log 

Depth 

Material 

Formation and Age 

0-68 

drift 

Pleistocene 

Mississippian 

68-234 

limestone 

Osage 

234-602 

shale 

Kinderhook 

Devonian 

602-729 

limestone, fossiliferous 

Cedar Valley 

729-740 

shale 

Independence 

740-806 

limestone, gypsum, dolomite 

Wapsipinicon 

Ordovician 

806-848 

shale 

Maquoketa 
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A well at Letts in Louisa county, Iowa, has this sample record : 


Depth 

Material 

Forrmtion and Age 

0-280 

drift 

Pleistocene 

Mississippian 

280-326 

shale 

Kmderhook 

Devonian 

325^440 

limestone 

Cedar Valley 

440-446 

sandstone 

Independence 

446-578 

limestone, etc. 

Wapsipinicon 

Ordovician 

678-810 

shale 

Maquoketa 


At Keokuk in Lee county, Iowa, the Hubinger well shows this 


driller’s 

record : 


Depth 

Material 

Formation and Age 

0-20 

drift 

Pleistocene 

Mississippian 

28-290 

limestone, etc. 

Osage 

290-660 

shale 

Kinderhook 

Devonian 

660-625 

limestone 

Cedar Valley 

626-645 

sandstone 

Cedar Valley 

645-700 

limestone 

Cedar Valley 

700-737 

sandstone 

Independence 

Ordovician 

737-800 

shale 

Maquoketa 


From these sections it is noticeable that the Independence 
changes from shale to sandstone toward the southeast. Appar- 
ently this change in lithology indicates the approach to the land 
mass of the Ozark uplift. Stratigraphically the Independence 
corresponds to the 15 foot bed of sandstone which outcrops 
about ten miles south of Hannibal, Missouri. At this locality®* 
the Callaway limestone has typical Cedar Valley fossils and the 
limestone below, the Cooper, is white, lithographic and in every 
way similar to the Davenport member of the Wapsipinicon. 
This sandstone®® appears to be the same one previously desig- 
nated as the Auxvasse Creek sandstone member of the Callaway 
and there seems to be little doubt that it is the continuation of 
the sandstone below Cedar Valley to the north in southeast Iowa 
and of the Independence shale farther north. In several places 
in Lmn county, Iowa, the Independence has sandy phases or 
is nearly a sandstone. 

*8 Guidebook, Fifteenth Annual Field Conference, Kansas Geol. Soc, 
1941, p. 6S. 

Counselman, F. B.: 1935’’, Mo. Acad. Sci. Proc., vol. 1, pp. 105, 108-113, 

119 . 
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of tlie Independence Shale of Iowa. 


In northwestern Illinois the Hoing sandstone occupies the 
same stratigraphic position between the Cedar Valley limestone 
and the lithographic Davenport member of the Wapsipinicon. 
The Hoing is stated^® to overlie unconformably the Wapsipini- 
con and to be everywhere overlain by Cedar Valley. Later Wel- 
ler^^ states that the Hoing sand is the basal member of the Cedar 
Valley in the Colmar-Plymouth field of Illinois and present also 
in the Centralia-Salem area. The present writer believes that 
the Hoing sand of Illinois, the Auxvasse Creek sandstone mem- 
ber of Missouri and the sandstone and shale in Iowa are all 
region equivalents and are near-shore phases of the fossilif- 
erous Independence shale farther northwest ir. central Iowa. 

The Independence shale can also be traced below the surface 
in deep wells into Nebraska and northwest Missouri. At 
Nevada, in Story county, Iowa, the section as revealed by a 
study of drilling samples is as follows ; 


Depth 

0-68 

68-260 

268-660 

670-660 

660-1210 

660-800 

800-850 

860-1000 

1000-1010 

1010-1330 

1330-1920 


Material 


shale 

shale and limestone 

limestone 

limestone 

limestone and sandstone 
limestone, dolomite, gypsum 


Formation and Age 
Pleistocene 
Pennsylvanian 
Misslssipplan 
Kinderhook 
Devonian 
Lime Creek 
Shellrock 
Cedar Valley 
Independence 
Wapsipinicon 
Ordovician (Maquo- 
keta to St Peter) 


At Mitchellville in Polk county, Iowa, the section, sum- 
marized is: 


Depth 


Material 


0-85 

86-500 

500-670 

605-670 shale 
670-875 

670-760 limestone 
760-785 shale 

785-876 limestone, dolomite, sandy at base 
(record continues) 


Formation and Age 
Pleistocene 
Pennsylvanian 
Mississippian 
Kinderhook 
Devonian 

Cedar Valley 
Independence 
Wapsipinicon 


" Weller, J. M : 1936, Personal communication, Guidebook , Kansas Geol. 
Soc., Nmth Annual Field Conference, p 259, 

« Weller, J. M : 1940, Devonian Correlations in Illinois and Surrounding 
States, a summary; Symposium on Devonian of Upper Mississippi Valley, 
Univ. of Illinois. In press 

Am. Jotju. Sci.— Vol. 243, No 3, March, 1945. 

11 
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At Des Moines, in Polk county, Iowa, the section, with beds 
above and below omitted, is * 

Depth 

Material 

Foimaiion mid Age 
Mississippian 

765-770 

blue shale 

Kmderhook 

Devonian 

770-915 

limestone, some shale 

Cedar Valley 

916-930 

limestone, shale, sandstone 

Independence 

936-1025 

lithographic limestone, shale. 

Wapsipinicon 


anhydrite, dolomite, etc. 


(record continues) 


At Ogden in Boone county, Iowa, the section, with beds above 
and below omitted, is : 


Depth 

Material 

Formation and Age 
Mississippian 

620-630 

shale 

Kmderhook 

Devonian 

630-750 

limestone 

Cedar Valley 

750-760 

shale 

Independence 

760-980 

dolomite, limestone, etc 

Wapsipinicon 

(record continues) 



At Woodward in Dallas county, Iowa, a well yields this 
record of Devonian rocks : 


Depth 

Material 

Formation and 
Mississippian 

790-840 

shale 

Kmderhook 

Devonian 

840-970 

limestone 

Cedar Valley 

970-983 

shale 

Independence 

983-1045 

limestone, etc. 

Wapsipinicon 


(record continues) 


At Dexter in Dallas county, Iowa, a similar brief section 
derived from a study of well samples is: 


Depth Material 

1020-1050 shale 

1060-1140 , limestone 

114*0-1160 shale 

1160-1230 limestone, dolomite, shale 

(record continues) 


Formation ound Age 
Mississippian 
Kmderhook 
Devonian 
Cedar Valley 
Independence 
Wapsipinicon 
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of the Independence Shale of Iowa. 

At Stuart in Guthrie county, Iowa, a summarized section of 
a well is as follows : 


Depth 

Material 

Formation and Ape 
Mississippian 

1177-1218 

shale 

Kmderhook 

Devonian 

1218-1368 

limestone 

Cedar Valley 

1368-1396 

shale and limestone 

Independence 

1396-1690 limestone, gypsum, dolomite, shale 

(record continues) 

Wapsipinicon 

At Council Bluffs, in Pottawattomie 
Devonian section of a well is : 

county, Iowa, the 

Depth 

Material 

Formation and Age 
Devonian 

1160-1285 

limestone 

Cedar Valley 

1285-1320 

blue gray shale 

Independence 

1320-1500 

limestone 

Wapsipinicon 

At Nebraska City, Nebraska, a shortened 

record of a well is • 

Depth 

Material 

Formation and Age 
Mississippian 

1220-1140 

shale 

Kmderhook 

Devonian 

1440-1640 

limestone, dolomite 

Cedar Valley 

1640-1665 

shale 

Independence 

1665-1840 

limestone, dolomite 

Wapsipinicon 


In a well in the northeast corner of Missouri in Buchanan 
county and in one near Tarkio, sandstone appears between the 
Cedar Valley (Callaway) and Davenport (Cooper) limestone 
equivalents.^^ 

niSTUaSED EXPOSUEES OE THE INDEPEETDENCE SHAEE. 

In a number of places Independence shale, bearing typical 
fossils and plainly distorted and disturbed, occurs adjacent to 
Cedar Valley limestone in evidently abnormal positions. With 
few exceptions, which are no'ted an the following paragraphs, 
all exposures of the shale show these features in common. In 
the first place the fossils found in most of the exposures of 
the disturbed shale are typical Independence forms identical 
with those collected from the formation in place below Cedar 
Valley limestone ; in no place were Lime Creek species observed 
or collected therein. Secondly the shale generally abuts the 
Cedar Valley limestone on one side only. The plane between the 
Information from F. B Counselman 
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shale and the limestone is always sharp, nearly vertical and 
never passes beneath the shale. In the fourth place in no 
locality of the thirty odd known to the writer does the shale lie 
on Cedar Valley limestone in an erosion channel as an original 
deposit. Nor is the shale, as far as the writer could determine 
in the field, “supported” by the limestone as intimated by 
Cooper,^® assuming that “support” means that the shale over- 
lies the limestone. The shale has never been seen to lie on 
the Cedar Valley limestone in normally stratified layers as in 
the case of the State Quarry limestone. In Johnson county, 
Iowa, the concave erosional contact between the Cedar Valley 
and the State Quarry above it is readily apparent in several 
localities. 



Fig 5 Diagrammatic view of fault conditions at south end of ,Lake 
Mmne Estima, Benton county, Iowa. Davenport limestone is present with 
fossiliferous Independence shale above. Middle Cedar Valley beds are 
immediately adjacent to the north. I, Independence shale; CV, Cedar 
Valley limestone; D, Davenport limestone; B, block of basal Cedar Valley 
hmestone. 

Faulting, to the writer, best explains the abnormal position 
of the shale and is in accord with the conditions seen in the 
various exposures. The separation face between the shale and 
Cedar Valley limestone is the visible evidence of a fault plane 
and not of an erosion surface. The Cedar Valley formation 
where exposed is commonly faulted and buckled and shows con- 
siderable disturbance throughout its visible extent. Faults of 
a few feet throw are not uncommon.^^ The fossiliferous shale 
in known exposures is everywhere in contact with the lower 
strata of the Cedar Valley and in no place would the fault 
movement necessary to bring the shale up from immediately 

"Cooper, G A.: 1942, Bull. Geol. Soc. Amer., vol 63, p 1766. 

" Calvin, S 1898, Iowa Geol. Surv., vol. 9, p. 238. 
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below the limestone have been greater than 30 to 40 feet. Care- 
ful study by the present writer of the many disturbed exposures 
brought forth no evidence that faulting had not occurred or 
that the occurrences could be better explained in any other way. 

In Benton county, Iowa, near the south end of lake Minnc 
Estima in Harrison township, is an enlightening exposure of 
the shale. In the east wall of the valley of Cedar river is a 
forty foot cliff of Cedar Valley limestone comprising the layers 
from forty to eighty-five feet above the base of the formation. 
At the south end of the cliff the limestone ceases abruptly. To 
the south and perhaps twenty feet away and on the same level 
at the base of the cliff is a two-foot ledge of lithographic Dav- 
enport limestone dipping southward. A few yards farther 
south an abandoned quarry shows that the Davenport lime- 
stone is a few feet thicker. Above the Davenport limestone is 
Independence shale with its typical fossils. The Davenport 
beds are stratigrapliically fifty feet or so below the limestone 
forming the base of the adjacent cliff' section of Cedar Valley. 
The relations (see Fig. 5) can only be explained by faulting. 
Further support for this explanation is given by a large block 
of f ossiliferous limestone lying on the shale and carrying species 
which, are found only in the basalmost layers of the Cedar 
Valley. In the area there is no known exposure of the basal 
Cedar Valley beds closer than five or six miles. It seems appar- 
ent that this block of basal Cedar Valley limestone mu'st have 
been moved upward in the movement that has brought the Dav- 
enport limestone and the superjacent Independence shale into 
juxtaposition with the middle layers of the Cedar Valley lime- 
stone. Appeal to downward movement into a cavern or sink 
hole as an explanation of the presence of the shale seems inap- 
plicable here. 

Several writers (Cooper, Stookey and Savage)^® have stated 
their belief that the abnormal occurrences of the Independence 
shale described above are to be explained in another way; 
namely, that the shale occurs in sinkholes and caverns in the 
Cedar Valley limestone. Sinkholes filled with shale do occur 
in the Cedar Valley as at Moscow, Iowa, and elsewhere, and the 
deposits when revealed by quarry operations typically have an 
upward funnel-shape, which, however, is never seen in the expo- 
sures of disturbed Independence shale. The present writer has 
carefully sampled and sieved the shale in these sinkholes and has 
“ See historical summary above 
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never recovered a typical Independence fossil from them. At 
Moscow conodonts were found in the shale but they have a 
different aspect from those found in the Independence. The 
abundant carbonaceous remains, numerous plant fossils and 
general lack of marine foissils indicate that the shale sinkhole 
deposits at Moscow and elsewhere are continental and non- 
marine. The known near occurrences of Pennsylvanian shale 
and sandstone make it probable that these deposits in true sink- 
holes in the Cedar Valley are Pennsylvanian in age. This is 
all the more pro<bable as the Mississippian period would afford 
sufficient time for sinkholes and channels to be formed by ero- 
sion into 100 to 150 feet of Cedar Valley limestone to the base 
of the formation. It is rather strange that the State Quarry 
limestone which does lie unconformably on the Cedar Valley does 
not occur in sinkholes therein. Near North Liberty in a well, 
shale IS found in drilling samples below Cedar Valley in the 
near vicinity of an outcrop of State Quarry limestone. 

Likewise it is difficult for the writer to believe that sinkholes 
formed during the uplift of a region would not, if open to the 
surface, be filled wholly or in part, by continental deposits, or 
that they could remain open until covered by an invading sea 
and then be filled with shale and limestone containing marine 
fossils. Probabilities would appear to be against this happen- 
ing in most cases. How could it occur in dozens of places, 
widely scattered and distant from each other as are the expo- 
sures of disturbed Independence shale? To account for these 
known exposures the number of sinkholes and caverns must be 
exceptionally large as it is very probable that only a small 
fraction would be discovered in wells and quarries in a region 
so completely and thickly covered by Pleistocene deposits. 

Secondly, the disturbed shale is always in contact with the 
lower layers of the Cedar Valley. If the shale occurred in sink- 
hole deposits surely some of them should be in the upper half 
of the formation. Such is not the case as thus far none has 
been observed. 

Lastly, the shale in the exposures under discussion never 
occurs in continuous layers as originally deposited but is broken 
and distorted with pieces from several horizons intermingled. 
This condition could scarcely be the case if the shale were pri- 
marily deposited in sinkholes and caverns as indicated by the 
proponents of the sinkhole hypothesis. It is also inconceivable 
how the Independence could have been deposited in sinkholes in 
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the Cedar Valley limestone -without debris from the -vralls and 
beds above being deposited or -vrashed in simultaneously. The 
contact betweu the shale and limestone on fresh exposure is 
sharp, is not that of erosion and the shale, especially in undis- 
turbed exposures, is remarkably free from erratic blocks of 
higher layers of the Cedar Valley. What few blocks of lime- 
stone are found in the shale are always from the basal layers 
of the Cedar Valley and not from the upper beds and have 
fallen onto the shale during erosion rather than ha-ving been 
originally incorporated during deposition. There is little evi- 
dence to support the hypothesis that the Independence shale 
occurs in sinkholes in the Cedar Valley as a primary deposit 
from above. 

Proponents of the hypothesis that the Independence shale is 
younger than the Cedar Valley should explain whence the shale 
came downward into the limestone. Several (Stookey, Scobey 
and Savage)^® have stated that the parent formation is the 
Lime Creek. That this is not the case is shown by a comparison 
of the macro-fossils from the two formations. This evidence 
is stated at length an another paper and need not be repeated 
here. It is sufficient to state that the faunas are so different as 
to be of different ages. Apparently recognizing this fact, 
Cooper,^^ and after him, Schuchert,^® have interpolated this 
missing parent formation in between the J uniper Hill and Cerro 
Gordo members of the Lime Creek formation. There is no field 
evidence known to the present writer which supports this con- 
tention. The Cerro Gordo shale lies conformably on the Juni- 
per Hill shale and deposition was continuous from the lower 
into the upper member. The scant fauna of the Juniper Hill 
shale shows little relationship with that of the Independence 
and contains no species to indicate its comparative age. The 
present writer has shown elsewhere that the faunas of the Cerro 
Gordo and the Independence shale are distinct and he did not 
find any evidence in them to show that the Cerro Gordo shale 
was immediately the younger in age. Faunally, then, there is 
no support for the supposition that there was once a formation, 
now wholly unknown, between the two lower members of the 
Lime Creek which was the source of the shale deposits known 

“ See historical r^sum^ above 

" Cooper, G A • 194<2, Bull Geol Soc Amer , vol 63, p 1737 and chart. 

Schuchert , Charles ; 1943, Stratigraphy of the Eastern and Central 
Umtedi States, p 700 
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as the Independence. Cooper^® justifies this placing of the 
Independence shale by his assumption that the Independence 
fauna is of Chemung age. This assignment of the Independence 
fauna the present writer in his study does not find to be proba- 
ble because of lack of many Independence species in the Che- 
mung and vice versa. Since the Lime Creek does not appear to 
have been the source of the shale supposedly washed down into 
sinkholes near the base of the Cedar Valley, the downward 
movement of the Independence shale into the Cedar Valley and 
its younger age, therefore, can be regarded as unproven. 

In several localities shale does o-ccur in joints in the basal 
layers of the Cedar Valley formation. However these joints 
become narrower and disappear upward. These occurrences 
of the shale are homologous with the well known sandstone 
dikes®®’ which have been shown to have been formed by the 
upward movement of the sand. The Independence shale is typi- 
cally soft and extremely plastic when wet. Since the Cedar 
Valley limestone is much jointed and occasionally faulted, there 
is no difficulty in explaining the presence of the shale in vertical 
crevices and cracks as due to upward movement induced by 
the weight of the Cedar Valley on a plastic shale directly 
beneath. The slight movements of ten to thirty feet necessary 
to account for the shale above its usual position does not appear 
improbable when one considers the upward thrust of hundreds 
of feet in salt domes and in the formation of the clastic dikes 
described by DiUer and others. Norton®^ mentions the upward 
movement of red and green shales into the brecciated superja- 
cent Monroe limestone on Mackinac Island. Trowbridge®® 
states that often the Maquoketa shale similarly occurs above its 
expected situation in many places in the upper Mississippi 
valley. The peculiar Devonian deposit described by Weller®^ 
does not appear to have been formed in the same way as the 
Independence shale joint fillings. The wear suffered by some of 
the fish teeth in the former suggests also the possibility that 
they might have been introduced into their present situations as 
a secondary deposit during a subsequent period of erosion. 

In one place evidence was observed that the Independence 

‘“‘Cooper, G. A.: 194i2, idem. Chart. / 

“Diller, J. S.: 1890, Bull Geol. Soc. Amer., vol. 1, pp 411-442. 

® Parker, Ben H.; 1933, Jour Geol, vol 41, pp. 38-61. 

“Norton, W. H.* 1920, Iowa Geol Surv, vol. 27, p. 396. 

“ Trowbridge, A C : 1940, personal communication. 

Weller, Stuart* 1899, Jour Geol., vol 7, pp. 483-488. 
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shale has moved upward into a large cavern or chamber in the 
Cedar Valley. On the Close farm two and a half miles south- 
west of Brandon, in Benton county, Iowa, a quarry, mainly in 
the Rapid member of the formation, has exposed a mass of 
blue-gray shale wholly enclosed at the sides and above by lime- 
stone. The bottom of the shale is not observable but apparently 
is below the limestone which surrounds it. The shale mass 
(Fig. 6) is broader at the base and decreases in diameter 
upward. In the shale typical macro- and micro-fossils of the 
Independence are present ivith numerous scattered and mixed 
blocks of harder shale and limestone. On fresh exposure, ‘‘flow 



Fig 6. Diagrammatic section in quarry on Close farm, two and a half 
miles southwest of Brandon, Iowa The Independence shale fills a cavern 
in Cedar Valley limestone I S, Independence shale ; C V, upper Cedar 
Valley; B, block of basal Cedar Valley limestone, about 30 feet above nor- 
mal position The lines near the ceiling represent “flow lines.” 


lines” are visible in the shale parallel to tho enclosing walls. 
That these lines are no't stratification laminae was apparent 
as the lines curved upward so as to be roughly parallel to the 
lateral and upper limestone walls. Also blocks O'f hard shale of 
variable lithology were roughly aligned similarly but true bed- 
ding planes were absent. The mass consisted of thoroughly 
broken and mixed shale. This deposit of shale is totally at 
variance with deposits of Pennsylvanian age in caverns in -the 
Cedar Valley near Rock Island, Illinois, and described by Hall.®® 
Furthermore, the base of the shale mass on the Close farm is sur- 
rounded by the basal beds of the Rapid member which are about 

“ Hall, James: 1858, Geol. of Iowa, vol. 1, part 1, p. 180. 
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thirty feet above the base of the Cedar Valley. In the shale 
were several specimens of Atrypa cf. mdependensis Webster, a 
species typical of the basalmost layers of the Cedar Valley. 
Also midway in the shale is a 'block of limestone, 2' x 3' x 1', 
which also carries examples of the same Atrypa- It seems 
beyond the bounds of probability that any agent could have 
deposited in a sinkhole from above, a block of limestone from 
beds stratigraphically thirty feet below and not outcropping 
within miles of the place. The upward movement of the plastic 
Independence shale from directly below the Cedar Valley readily 
explains the features seen in this occurrence of the shale. The 
chamber now filled with shale could have been formed at any 
time during the long interval since the close of the Devoman 
by the solvent action of ground water. The insoluble shale 
would limit the downward solution of the cavity while the weight 
of the 150 feet of superjacent limestone would be suflicient to 
supply the motile force. Exposure No. 3, described by Thomas 
and Norton,®® seems to be a similar deposit but in this instance 
has been exposed to view by the erosive work of the Cedar River. 

In summary it is found that in most of the exposures where 
the shale is not in normal position that all available evidence 
points to faulting as the true explanation of the .abnormality. 
No deposit of Independence shale has as yet been seen to he in 
erosional depressions and channels on the Cedar Valley lime- 
stone. The hypothesis that the Independence shale has come 
down from above into caverns and erosional crevices in the 
Cedar Valley is untenable; a later shale formation, the Lime 
Creek, as shown by faunal studies could not have been the par- 
ent formation; the Sheffield shale could not have supplied the 
shale either as its fauna is totally unlike that of the Independ- 
ence; there is no field evidence of a s'hale body which could 
have been the source as supposed by Cooper and Schuchert to 
have been present between the Juniper Hill and Cerro Gordo 
members of the Lime Creek. In the one known occurrence of 
the Independence s'hale in a cavern in the Cedar Vallejo, all 
evidence points to its movement upward into its present posi- 
tion. The hypothesis that the Independence shale is a mass of 
material that has moved downward into the Cedar Valley may 
well be abandoned. On the other hand the source body of shale 
is seen in the field to be present below the Cedar Valley. 

See historical r6sum6 above. 
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LITHOLOGY AND THICKNESS. 

The Independence is typically a blue-gray calcareous shale. 
It is highly plastic when wet and breaks down on exposure into 
a structureless clay. Locally beds of one to two foot thickness 
may be more strongly impregnated with calcareous material 
and form layers of argillaceous limestone at Brandon. Often 
the shale has black layers because of the abundance of carbon- 
aceous material. In some areas the carbon content is high 
enough that thin beds of impure coal up to an inch in thick- 
ness were formed. It is this coal-like substance which, encoun- 
tered in wells passing through the Cedar Valley limestone, 
induced futile and expensive attempts to obtain coal in the 
Devonian by sinking shafts. Pyrite in cubical crystals and 
twinned masses is also common and locally encrusts many of the 
fossil shells. 

In a few instances the Independence may have sandy layers 
as at several localities in Linn county, Iowa. This sandy phase 
is often encountered in wells and when traced southward the 
Independence changes wholly to a sandstone in northwestern 
Illinois and in northwest Missouri. 

At the type locality near Independence, the shale was about 
twenty feet thick. It was also penetrated nearly to this depth 
near Palo, Iowa. As well samples are generally obtained at five 
or ten foot intervals, well logs rarely give the full thickness cor- 
rectly. In general the shale varies in thickness from ten to 
twenty feet, and rarely may be more in some localities. 

DISTRIBUTION. 

The surface exposures of the Independence shale are chiefly 
in Buchanan, Benton and Linn counties with one large exposure 
in Linn county. In these counties the shale occurs but a short 
way below the surface as the surface slope and the dip of the 
beds are about the same over a considerable area. Streams, 
then, do not have to cut deeply to reach the shale. The areas 
where the shale is exposed are not large and the outcrops are 
not continuous except for short distances. However continuous 
outcrops of the shale are hardly to be expected in a region with 
a heavy drift cover, especially if the formation is thin, easily 
eroded and quickly overgrown by vegetation. The outcrop, 
too, coincides in great part with the divide between the Wapsi- 
pinicon nver and Buffalo creek which is covered with thick 
Pleistocene deposits. These have not been trenched by streams 



156 Merrill A. Staimhrodk — The Stratigraphy 

deeply enough to reveal the shale below. Consequently no con- 
tinuous area of the Independence is exposed or uiappable. Sim- 
ilarly the eastern border of the Cedar Valley is deeply covered 
and can only be conjectured in most places and indefinitely 
indicated on geologic maps of the state. 

The Independence shale is shown by deep well samples and 
shallow well records to be present in much of the area where 
Cedar Valley limestone is the bed rock. It extends from Osage 
and Charles City in Iowa southward to Keokuk and thence into 
Missouri where it appears at the surface near Hannibal as a 
sandstone Subsurface in northeastern Illinois the shale 
appears to be a sandstone also. Locally in Iowa the Inde- 
pendence shale may be absent, as in a small area north of 
Vinton, Iowa, and the area from Iowa City southeastward 
to Davenport. Westward the shale may be ti'aced in deep 
wells to Council Bluffs, Iowa, and then into Nebraska and 
northwestern Missouri. (See Fig. 5.) 

As Cooper and Warthin®’^ indicate the surface occurrences 
of the Independence are “spotty” but these with the well records 
and artificial exposures are sufficient to demonstrate that the 
shale has a widespread distribution which precludes any expla- 
nation of the shale as a series of cave and crevice filling from 
above. It appears to the present writer highly improbable 
that the great number of caves demanded by this hypothesis 
would be developed over so wide an area in Iowa, eastern 
Nebraska, northern Missouri and northwest Illinois and all 
stratigraphically between the Cedar Valley and Wapsipinicon 
limestones. 


CONCLUSIONS. 

It has been shown that the Independence shale is a distinct 
formation and that in a number of exposures it lies in normal 
position immediately below the Cedar Valley limestone. Arti- 
ficial excavations, as quarries and exploration shafts, similarly 
show that the shale occurs in the same stratigraphic position 
with the same fossils. Records from shallow wells, scattered 
over a number of counties, also demonstrate that a shale is 
present below the Cedar Valley in many localities. Numerous 
suites of drilling samples from deep wells over a wide area add 
the weight of their evidence in showing that shale is below the 

Cooper, G. A., and Warthin, A, S.: 1942, Bull, Geol Soc. Amer., vol. 
63, p. 1766. 
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Cedra Valley. In the samples from deep wells at Shellsburg, 
Van Horn, and Center Point, Iowa, typical Independence fos- 
sils were recovered from shale immediately below that forma- 
tion. The occurrence of shale masses in abnormal positions 
abutting Cedar Valley limestone is best and adequately 
explained by faulting. No evidence of downward movement of 
the Independence is seen in the field. On the contrary in at 
least one exposure, the shale evidently moved upward some 
thirty feet into a chamber. Shale in joints and crevices from 
field evidence has been thrust or moved upward. 

Surface outcrops, artificial exposures, and deep and shallow 
well records indicate that the Independence shale is widespread 
m central Iowa and that it can be traced as a subsurface forma- 
tion westward to Nebraska and southward into northern Mis- 
souri and northwestern Illinois. It has the same position strati- 
graphically in Iowa as a sandstone that lies between the Cedar 
Valley and Wapsipinicon in Illinois and one that in Missouri 
occurs between the Callaway and Cooper limestones. 

That the stratigraphic position of the Independence shale is 
below Cedar Valley and above the Wapsipinicon may be 
regarded as demonstrated. From this it follows that, as the 
Independence by its fossils is lower Upper Devoman, the strata 
which lie above must be younger. The Cedar Valley limestone, 
the Shellrock formation and the Lime Creek beds are, then, 
Upper Devonian in age and post-Independence. 

ADDENDA. 

At Amana, Iowa, occurs a shale discovered by Dr. S. W. 
Stookey. Fossils collected by him were submitted to the writer 
who considered them to be closely akin to specie's in the Inde- 
pendence shale. Extensive collections were made later by the 
present writer and comparison with the Lime Creek fauna and 
that of the Independence shale showed that they were more 
nearly related to the latter although there were varietal differ- 
ences and many sigmficant absences. 

In a paper on the brachiopods of the High Point sandstone 
of New York,®® the writer made no distinction between the 
faunas of the Independence and that of the Amana beds 
because of their resemblances. It was suggested (p. 889) that 
the High Point fauna might be intermediate between the Lime 

«Stainbrook, M. A.: 1942, Akee. Joue. Sol, vol. 240, pp. 879-890 
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Creek and the Independence. Faunal comparison showed that 
there were a number of species in common in the High Point 
and Amana faunas. Lately (1944) new deep wells in south- 
ern Benton county, Iowa, show that the Amana beds lie on 
Cedar Valley and therefore are younger than the true Inde- 
pendence and prohahly older than the Lime Creek. The rela- 
tion of the Amana beds with the Lime Creek and other Devonian 
formations which lie on the Cedar Valley is yet to be worked 
out. It must be done wholly by well samples and records. The 
difficulty of correlating the High Point with either the Inde- 
pendence or the Lime Creek is removed as the Amana beds are 
its correlative in Iowa. 

Thus a fossihferous shale overlies the Cedar Valley lime- 
stone and another lies below it in Benton county. A recent 
well near Van Horne, Iowa, shows both shales separated by one 
hundred and twenty-seven feet of Cedar Valley. 

Tex.vs Technological College, 

Lubbock, Texas 



TWO CEPHAI.OPODS AND ARTHROPODS 
FROM THE WHITEHEAD FORMATION. 

CECIL H. KINDLE. 

ABSTRACT. Two species of Apsidoeeras and an Eoharpes are newly 
recorded from the Whitehead formation. One is identical with and the 
others closely correlated with species from the Upper Ordovician of Anti- 
costi Island Also illustrated is an eye larger than that of any known 
trilobite The exact nature of its owner is unknown 

T his paper makes known in the Upper Ordovician rocks of 
Perce the presence of four additional species. They have 
been in the writer’s possession for some time. Publication has 
been delayed in the hope of getting more and better specimens, 
for half a specimen can be very tantalizing. In the Eoharpes 
only an impression of the central portion of the head is pre- 
served, and the broken large arthropod eye stirs one to find more 
of that animal. In 1943 while making a final short collecting 
tnp for Upper Cambrian fossils in the area a half day was 
spent at the Grande Coupe with these things in mind. Nothing 
worth bringing home was obtained however. What a contrast 
to a previous trip when the writer lost his balance when climb- 
ing the west side of the Grande Coupe with a heavy load of 
fossils on his back. A nasty fall was averted when his left 
hand came in contact with the specimen here described as 
Apsidoeeras milesi firmly embedded under a rock ledge. 

The lack of new specimens and an awareness on recently 
reading Flower’s paper that some persons doubt the Upper 
Ordovician age of these rocks make publication now desirable. 
In addition to the specimens mentioned I find I have Billings’ 
Apsidoeeras magmficum which he described from the Ordovician 
of Anticosti Island. 

A good summary of the species in the genus Apsidoeeras 
is given by Flower and also of the genera in the Apsidoceratidae. 
The species found by G. Winston Sinclair and described by 
Flower has a much rounder cross-section than typical members 
of the genus. In this respect it is primitive, resembling the 
round cross-section of their ancestors. From the evolutionary 
point of view the presence of A. montrealense in the Trenton of 
Montreal indicates that the Whitehead formation, containing 
later types of Apsidoeeras, is younger than the Trenton. 
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The specimens described here all came from the Grande 
Coupe exposures of the Whitehead formation and are in the 
writer’s private collection. 

Apsidoceras magnificuTn, (Billings) 

Gyroceras (Lituites) magnijicvm Billings, 1857. Geol. Surv Can, Rept 
of Progress, 1858-1836, p. 307. 

Lituites ? magnificum Billings, 1866. Cat. Sil. Foss. Anticosti, p. 23 
Apsidoeeras magnificum Hyatt, 1883. Proc. Boston Soc Nat. Hist, Vol 
22, p 289. 

Apsidoceras magnificum Poerste, 1927 Can. Geol Surv Mem 164>, p. 280 
Apsidoceras magnificum Foer&te, 1928. Roy Soc. Can , Vol. 22, Sect 4, 
p. 223, PI. 8, Pigs 1, 2, PI. 9, Fig. 1, PI. 11, Pig. 6 

One specimen of Apsidoceras in the collection agrees well 
with Foerste’s description of A. magnijicum given in Twen- 
hofel’s “Geology of Anticosti Island,” p. 281. “The ventral 
side is almost flat, and the lateral and dorsal sides form an 
almost even curve including slightly more than half of a circle. 
Five and a half cameras occur in a length equal to the lateral 
diameter. The sutures of the septa form broad, ventral lobes, 
angular ventrolateral saddles, and distinct dorso-lateral lobes, 
but the dorsal saddles are relatively broad and prominent. The 
depth of concavity of the septa [on the ventral side] equals 
the height of one of the camerae.” 

No siphuncle is preserved in the specimen. The length is 
three and one half inches. The lateral diameter is 48 mm. 
and the dorso-ventral diameter is 33 mm. 

Apsidoceras milesi, new species 
Plate 1, Figs 1-5 

Apsidoceras sp, Poerste, 1936. Jour, Pal, Vol 10, p. 379, PI. 66, Fig. 8. 

This IS a large specimen and it must be borne in mind that 
the illustrations are one-half natural size. Foerste’s illustra- 
tion is of a fragment showing only the ventro-lateral saddles. 

The lateral diameter is 74 mm. and the dorsal-ventral diam- 
eter IS 50 mm. These proportions are the same as in A. mag- 
nificum but the latter seems more rounded. A. milesi is readily 
distinguished by its more concave ventral lobe of the suture 
and the angular dorsal saddle. About seven cameras occur 
on the side in a distance equal to the lateral diameter. This 
distinguishes it from A. magnificum midticameratvm Foerste 
in which 12 cameras occur in the same distance. The previously 
described species from the Whitehead formation, A. depressvm 
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(All figures x 2^/i) 

Fig. 1 Large artliropod eye 

Fig 2 Cyclopyge prtsca (Barrande) from Bohemia for comparison 
with fig 1 

Fig 0 Boharpes percetms, new species 

Fig 4j 5 Portions of brim of Boharpes percensis^ 
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Cooper, differs in lacking a flat ventral surface and a dorsal 
saddle. 

The species is named for Arthur Miles, photoengraver and 
for many years artist with the Geological Survey of Canada. 
After his retirement he continued to take an active interest 
in photographic methods. The writer has benefited greatly 
from discussions and experiments in fossil photography con- 
ducted in Mr. Miles’ suburban home near the Ottawa river. 

Eoharpes perceTisis, new species 
Plate 2, Fig. 8 

The only specimen known is an impression in limestone. 
It is perfect enough to show the main portion of the head 
but practically all the brim is missing. Parts of the brim 
may be represented by Figs. 4 and 5. Eoharpes percensis 
is quite different from E. ottaieaensis in that it has no eye-line 
and has an elongated eye rather than a round one. Moreover 
the depressed area of the cheek near the posterior third of the 
glabella extends out more at right angles to the glabella than 
it is shown to do in illustrations of E. ottawaensis. From the 
Ordovician of Anticosti Island Twenhofel described E. otta- 
waensis a/nticostiensis on the basis of a difference in the brim 
ornamentation. His Fig. 2, Plate 61, however, shows a head 
which while lacking a glabella, yet more closely agrees with 
E. percensis than with E. ottawaensis and it is doubtful whether 
it should be regarded as a variety of the latter. The possi- 
bility exists that when better specimens are found from both 
the Whitehead formation and the Anticosti Ordovician they 
may prove to be the same species. 

Large Arthropod Eye 
Plate 2, Pig. 1 

This large eye, like the Eoharpes, is an impression in lime- 
stone. The length of the preserved incomplete eye is 18 mm. 
The largest trilobite eye which has been described is that of 
Cyclopyge prisca (Barrande). For comparison a specimen of 
this trilobite is shown on Plate 2, Fig. 2. It is in the study 
collections at the City College and originally came from Sarka, 
Bohemia. Since Cyclopyge occurs in the ^^itehead formation 
one’s first guess is that here we have an extra large species of 
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this genus. But the cheek attached to the eye of Cyclopyge 
is very narrow, while this is wide and curiously ornamented. 
If it does belong to a trilobite, it is to a member of a new genus. 

Other arthropods which have large eyes are the eurypterids. 
Clarke and Ruedemann illustrate Pterygatus huffdioensis which 
seems to have a compound eye over 10 cm. long. The surface 
markings on the heads of eurypterids illustrated in Clarke and 
Ruedemann’s memoir are not similar to the markings on the 
“free cheek” of this specimen. Yet the possibility exists that 
this eye belongs, as the size indicates, to a eurypterid. 
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SCIENTIFIC INTELLIGENCE 

Chemistry. 

Outline of the Ammo Acids and Proteins; edited by Melville 
Sahyun. Foreword by Carl L. A. Schmidt. Pp. 251, many figs. 
New York, 194<4 (Remhold Pub. Corp., $4!.00). — This book is 
intended to provide a brief statement of the fundamental chemistry 
of the amino acids and proteins and of their metabolism in the 
aniTnal body. It should prove useful to beginnmg students in bio- 
chemistry or physiology, or to those unable, for one or another 
reason, to undertake the study of the more detailed and difficult 
handbooks or of the original literature. It fills the gap between 
the treatment of the subject offered in the chapters on amino acids 
and proteins in the average textbook on biochemistry and that in 
specialized monographs. If employed as a class-room text and sup- 
plemented by lectures and demonstrations, it would doubtless form 
the basis of a satisfactory elementary course. 

The authorship of the several chapters and their subjects are as 
follows; (1) Discovery of the Amino Acids by Melville Sahyun, 
(2) Proteins; Occurrence, Amino Acid Content and Properties 
by Carl L. A. Schmidt, (3) Protein Structure by Henry B. Bull, 
(4#) Hydrolysis of Proteins by Melville Sahyun, (6) Synthesis 
and Isolation of Certam Amino Acids by Herbert E. Carter 
and Irving R. Hooper, (6) Methods of Analysis for Amino Acids 
and Proteins by David M. Greenberg, (7) Relation of Amino Acids 
and Their Derivatives to Immunity by Michael Heidelberger, (8) 
Relation of Ammo Acids to Biologically Important Products and 
the Role of Certain Amino Acids in Detoxication by Armand J, 
Quick, (9) Metabolism of Protmns and Amino Acids by William 
M. Cahill, (10) Intermediary Metabolism of Individual Amino 
Acids by Wiliam M. Cahil, (31) Nitrogen Equilibrium and the 
Biological Value of Protein by Wiliam M. Cahill and Arthur H. 
Smith, (12) Amino Acids and Proteins in Nutrition by Madelyn 
Womack and Charles F, Kade. In addition a list of U. S. patents 
on amino acids and related compounds has been compiled by Dean 
Laurence and is given as an appendix. 

The selection of material and organization of the presentation 
in most of the chapters is sound. The authors were clearly 
embarrassed by space limitations in their choice of what to put in 
and what to omit, but have made a praiseworthy effort to avoid 
superficial and oversimplified discussions. On the other hand, the 
book contains far more erroneous statements and infelicitous, not 
to say misleading, expressions than one could wish for. To men- 


163 



164 


Scientific Intelligence. 

tion only a few of the former, it is startling to find that Scheele is 
supposed to have worked on malic acid in 1793 (p. 18), seven years 
after his death, and it is inaccurate to state (p. 89) that lysine 
is dismuted by alkali. Few investigators appear to realize that all 
amino acids, whether mono-amino, basic, or acidic, are more or 
less efPectively extracted from aqueous solution by butyl alcohol 
provided the aqueous phase is maintained close to the isoelectric 
point of the amino acid under study. Thus the categorical state- 
ment that basic and acidic amino acids are not so extracted (p. 108) 
is misleading without further explanation. It is to be hoped that 
the statement that ammo acid esters are, in Fischer’s method, dis- 
tilled with steam (p. 132) is nothing more than a slip of the pen, 
but the omission of isoleucine from the list of amino acids the 
copper salts of which are extracted by methyl alcohol (p. 133) is 
difficult to understand, in view of the manner m which this amino 
acid was first purified. This is described m an earlier chapter 
(p. 32). 

In another category is the statement regarding the mechanism of 
the reactions employed for the determination of aspartic acid (p. 
139) by bromination and oxidation after its conversion to malic 
acid by deamination. The text implies that the originators of this 
method suppose that the malic acid is brominated to dibromomalic 
acid wluch is then oxidized with permanganate to dibromo-oxalo- 
acetic acid The product of the reaction is distilled with steam 
and determined with the aid of dinitrophenylhydrazine. The facts 
are that neither of the dibromo-acids mentioned is recorded m Beil- 
stem and it is doubtful if either has ever been prepared. One would 
noit expect in any case that this bromination would be a quantitative 
reaction suitable for analytical application. Furthermore, oxalo- 
acetic acid does not yield a colored derivative when treated in the 
manner described fox the determination of malic acid, and the 
authors of the paper specifically refrained from making any state- 
ment whatever regarding the mechanism of this still unexplained 
reaction. 

No'twithstandmg these and a number of other faults, the book 
can be recommended for the use of those who require only an out- 
line type of treatment. Several of the chapters, especially those 
on synthesis and on metabolism are of outstanding excellence. 

H. B. VICKERY. 

Colloid Chemistry. Theoretical and Applied. Vol. V. Theory 
and Methods. Biology and Medicine. Edited by Jerome Ai/Ex- 
aS!der. Pp. vi, 1256; profusely illustrated. New York, 1944 
(Eeinhold Publishing Corp., $20.00). — This book supplements Vol- 
umes I and II, published in 1926 and 1928 respectively. During 
this period of some eighteen years many important tools have been 
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developed: electron diffraction^ the electron microscope, sonic and 
ultrasonic waves, high vacuum distillation, the cyclotron, and the 
betatron, all discussed m the first section of this book. There also 
are reviews of important advances in electrophoresis, centrifuges, 
filin balances, and X-ray methods. And progress in theoretical 
domains has not been lacking; for this volume includes reviews of 
recent developments in the theories of polymerization, rheology, 
photographic development, elasticity of rubber, and the vitreous 
state. 

The thirty-five papers in the second section devoted to biology 
and medicine cover such diverse topics as photosynthesis, starch 
chemistry, enzymes, vitamins, hormones, viruses, genes, protoplasm, 
capillary circulation, inflammation, blood coagulation, immunology, 
allergy, homeostasis, cancer, gerontology, aero-emphysema and 
caisson disease, infective aerosols, and psychiatry. 

The editor has again enlisted the aid of recognized authorities, 
although in contrast with previous volumes, most of the contributors 
are now, of necessity, Americans. It cannot be said that the treat- 
ment of all of these subjects is uniformly good or equally compre- 
hensive. This volume, like the previous ones (see Amer. J our. Sci., 
Vol. (5) XII. p. 535, Dec., 1926; Vol. (6) XVIII: p. 164-, August, 
1929), IS characterized by unevenness of style and lack of organiza- 
tion. This heterogeneity is favored by the editor because “the wide 
variety of topics considered in this series, and the different modes 
of approach to the same or interrelated subjects, will, it is hoped, 
give the user of the books a broader and more integrated view of 
natural phenomena than is obtainable from treatises of more limited 
scope.” Certainly this approach is often impressive and stimulat- 
ing, but it is doubtful if the average reader will obtain an integrated 
view of colloid chemistry from these books. e. j. king. 

Geology and Paleontology. 

Volcanoes of the Three Sisters Region, Oregon Cascades, by 
Howell Williams. University of California Publications, Bulletin 
of the Department of Geological Sciences, Vol. 27, No. 3, pp. 37-81-, 
1944. Pis. 9, 4 figs., 1 map — ^This attractive paper adds another to 
Doctor Williams’ growmg list of descriptive and interpretative con- 
tributions on Igneous geology in the Pacific region of the United 
States. The area considered in the paper lies in the High Cas- 
cades of west-central Oregon, and measures about 22% miles north- 
south by 16% miles east-west. A geologic map, on a scale of about 
0.43 inch per mile, depicts 13 units of volcanic rocks. The oldest 
and most extensive unit consists of basaltic lavas which were 
erupted in the form of shield volcanoes during the Pliocene epoch. 
These older cones have been greatly dissected, especially by glacial 
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classMcation of the foraroinifera. The trilobites, on the contrary, 
are arranged on a chronologic basis, all genera of Lower and Middle 
Cambrian being presented in the first group, those of the Upper 
Cambrian in the next, etc., and within each of these groups the 
arrangement is alphabetical. 

Rarely a confused statement appears, as in tlie definition of the 
class Schizocoralla, in which it is said “main function of these 
plates [septum-like plates arranged around the periphery] is to 
provide asexual reproduction through simple fission of each coral- 
lite into two, three, or four corallites.” Such plates, of course, 
could not be a cause but rather a result of fission. But on the whole 
the statements are clear, concise, and remarkably free of errors. 

Index Fossils will be indispensable in every paleontological 
laboratory and will be useful in many ways in teaching paleontology. 
Paleontologists everywhere will be grateful for the years of care- 
ful and patient labor which Doctors Shimer and Shrock and their 
collaborators have devoted to this great work. 

CARL O. DUNBAR. 

PUBLICATIONS RECENTLY RECEIVED. 

Kansas Geologic Survey Bulletin 62, Part 4. Tabular Description of 
Outcropping Rocks in Kansas; by R. C. Moore, J. C. Frye and J. M, 
Jewett. Part 5 Mined Areas of the Weir-Pittsburg Coal Bed; by G. E. 
Abernathy Lawrence, 1944. 

The Book of Naturalists ; edited by W. Beebe. New York, 1944 (Alfred A. 
Knopf, $3 50) 

General Meteorology; by H. R. Byers New York, 1944 (McGraw-Hill 
Book Co, $5 00). 

Seeing the Invisible, by G G. Hawley. New York, 1944 (Alfred A. Knopf, 
$2 50). 

What are Cosmic Rays; by P. Auger Chicago, 1946 (University of Chi- 
cago Press, $200) 

Fundamental Principles of Physical Chemistry; by C. F. Prutton and S. H. 

Maron. New York, 1944 (The Macmillan Co., $4 50). 

Formaldehyde; by J F Walker. New York, 1946 (Reinhold Pub. Corp. 
$560). 

The Photography of the Reciprocal Lattice; by M. J. Buerger. Asxred 
Monograph Number 1. Cambridge, Mass., 1944 (The American Society 
of X-ray and Electron Diffraction) 

One Day on Beetle Rock; by Sally Carrighar. Ten Stories of Life in an 
Animal Community in the High Sierras. New York, 1944 (Alfred A. 
Knopf, $2 75) 

Tempo and Mode in Evolution, by G. G Simpson New York, 1944 
(Columbia University Press, $3 50). 

Bibliography of Solid Adsorbents, by V. R. Deitz. Washington, D C., 
1944 (U S Cane Sugar Refiners and Bone Char Manufacturers and the 
National Bureau of Standards). 

Adsorption; by C. L Namtell. New York, 1945 (McGraw-HiU Book Co, 
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Chronica Botanica, Vol. 8, No. 3. Thomas Jefferson and the Scientific 
Trends of his Time ; by C. A Browne Waltham, Mass , 1944 (Chronica 
Botanica, $1.25). 
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CEPHALASPIDS FROM THE UPPER SILU- 
RIAN OF OESEL. WITH A DISCUSSION 
OF CEPHALASPID GENERA * 

GEOEGE M. ROBERTSON. 

ABSTRACT. The Cephalaspidae of the Middle Ludlow, Upper Silurian 
of Oesel are described They are Thyeates verrucosus Eicliwald, Witaas- 
pis schrenckii (Pander), Witaaspia pattern Robertson, Saaremaaapis 
mickwitm (Rohon), and Cephalaspis oeselensia Robertson. Eukeraspis 
pustulifera Rohon is not identifiable 

The basis for familial, generic, and specific categories in the Osteo- 
straci is discussed. BUymaspis is raised to familial rank. A classifica- 
tion of the Osteostraci is given. 

T he Upper Silurian deposits of the Island of Oesel, if they 
are correctly placed stratigraphically, are of Middle Lud- 
low or in part of Lower Ludlow age, and somewhat o-lder 
than other Ostracoderm-^beanng formations of the Upper Silu- 
rian. The wide deployment of Osteostraci at this period 
seems to indicate an emergence of the order at leart as far 
back as the Ordovician, although no fossils which can be 
definitely identified as Osteostraci have been recovered from 
deposits earlier then this Lower to Middle Ludlow horizon. 
The Ordovician Ostracoderras thus far known are very frag- 
mentary but seem to belong to the Heterostraci(l). 

During the past ten years I have been working through the 
collection which the late Dr. William Patten had made, and 
from time to time have described various of the Osteostraci of 
Oesel from that collection. That survey has resulted in the 
erection of two new families, Dartmuthiidae and Oeselaspidae, 
five new genera, Dartmutliia, Oeselaspis, Saaremaaspis, Rot- 
sihuUaspis, and Wvtaaspis, and a number of new species, as well 
as redescnption of several previously known species, especially 
of Trematmpis. The survey of the Osteostraci from that 
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collection is now completed unless future work on morphologi- 
cal problems discloses grounds for splitting oiF other groups 
from those at present regarded as single. It seems appropriate 
at this time, at the conclusion of the taxonomic -account, to 
discuss the principles involved and the basis of establishing 
the vanous categories represented. 

Three “cephalaspids” were described from Oesel earlier 
workers. These are Thyestes •verrucosus Eichwald(2), Ceph- 
alaspis schrencTcii Pander (3), and fragments attnbuted by 
Rohon to Eukeraspis pustulifera Agassiz (4). 

Cephalaspis schrencMi has been removed from the genus 
Ceplialaspis and redescribed as Witaaspis schrencMi{5). A 
second species of this genus has been described as Witaaspis 
pattem(6) . Other cephalaspids described from Oesel have been 
Saaremaaspis ^ earlier described by Rohon(4!) as 

Tremataspis micJcmt^i, and Cephalaspis oeselensis{8). The 
fragments identified as Eukeraspis pustulifera by Rohon, too 
incompletely known to be identified with any certainty, pos- 
sibly pertain to Cephalaspis oeselensis, I do not feel suf- 
ficiently sure of the fragments to attempt their placement. 
These species are briefly described as follows : 

Thyestes verrucosus Eichwald. 

1854 Thyestes verrucosus Ei-chwald (2) p, 108-110. PI. II, fig 1. 
1856 Cephalaspis verrucosus Pander (3) p.44-47. PI. IV, figs. 1, 
3, 4, 5, 6, 7. 

1858 Cephalaspis verrucosus Huxley (9) p. 269. 

1858 Cephalaspis verrucosus Schmidt (10) p 170, 184. 

1860 Thyestes verrucosus Eichwald (11) p. 1532. 

1866 Thyestes veriucosus Schmidt (12) p. 225-233. PI. IV, figs. 
1-11 

1891 Auchenaspis verrucosa Smith Woodward (13) p 198. 

1892 Thyestes verrucosus Rohon (4) p. 15-37, 86-87. PI. I, figs. 

1-10; PI. II, figs. 1-6. 

1892 Thyestes verrucosus Schmidt (14) p. 98. 

1894 Thyestes verrucosus Rohon (15) p. 209. PI. I, figs, 10-11. 

1895 Thyestes verrucosus Rohon (16) PI. II, fig. 6. 

1899 Thyestes verrucosus Rohon (17) p, 6, fig 1, 

1903 Thyestes verrucosus Patten (18). 

1912 Thyestes verrucosus Patten (19) fig. 235. 

1932 Thyestes verrucosus Stensio (20) p. 164-165. 

1932 Thyestes verrucosus Smith Woodward (21). 

1940 Thyestes verrucosus Robertson (22) p. 469, PI. I, fig. 1. 
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Thyestes •verrwcosus is a small cephalaspid, the shield heingf 
about 20-22 mm. long, about 22-26 mm. broad at the level of 
the pectoral sinuses. The width varies considerably with the 
degree of compression. The cornua are short and broad. 
The distance from the rostral angle of the shield to the cornu 
tip is 5-7 times the length of the cornu. The length of the cornu 
is about 1 5 times its width at the base. The nasohypo- 
physial fossa is wide and deep, with the short, wide aperture on 
a prominent longitudinal ndge in the fossa. The orbits are of 
medium size, about 3X2 mm , and oval in form. The sclerotic 
has never been described, but in some notes left by Doctor 
Patten is a sketch of a specimen which he ground down, and 
this sketch shows what he has labelled an “eye stalk” ivithiii 
the orbit. This I take to be the remains of the ossified scler- 
otic, since the sketch shows a form similar to that found in 
other Osteostraci in which the sclerotic is preserved The 
orbits are rather far forward on the shield, (or the pectoral 
sinuses far back), for the distance from the rostral angle to 
the level of the sinuses is about 2 4 times that from the rostral 
angle to the anterior margin of the orbits. The dorsal field 
is short and oval, extending just to the level of the endo- 
lymphatic apertures. It is bordered by a slight ndge. The 
lateral fields are relatively short, starting about the level of 
the nasal fossa and extending back to within 2 mm. of the 
pectoral sinus. A ndge capped with prominent tubercles is 
situated along the lateral border of the lateral field, extending 
not quite to its postenor end but slightly anterior to its for- 
ward end. I have not been able to discover any plates covenng 
the fields, but in one specimen part of one field appears to be 
covered by a layer ornamented similarly to the general surface. 
The dorsal surface is ornamented with tubercles. Anteriorly 
there are prominent tubercles on the ndge of the nasal fossa 
and on the ridge lateral to the lateral field. Somewhat smaller 
tubercles are scattered generally over the surface, with still 
finer ones between the larger tubercles. Over the occipital 
region and that portion of the trunk which is covered by the 
shield there are three rows of prominent tubercles on either 
side, with usually four large tubercles in each row, and the 
median crista is surmounted by a row only slightly less promi- 
nent. Smaller tubercles are scattered, and to some extent 
arranged in longitudinal rows, between the main ridges, whale 
fine tubercles are scattered among these and, in some cases. 
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a.waiigGd. ID nn^s ftbout tli6 1>8»sgs of the l&iig'G odgsj r6iDiDd~ 
ing one of the ring of pedicellariae surrounding the base of 
a starfish spine. The posterior portion of the dorsal shield 
shows indications of fused segments. Usually only two of 
these ai’e marked off, but the ridges of four prominent tubercles 
show an arrangement suggestive of the entire occipital region 
having been segmented. The margin of the shield has thin, 
fairly large, elongated tubercles. The same type is shown on 
the ventral rim which borders the oralo-branchial chamber 
laterally. The ventral ornamentation is known only on the 
cornua and on a few fragments of the ventral rim. On the 
cornua it I's made up of fine, elongated tubercles. The margin 
of the oralo-branchial chamber vs known only on a few frag- 
ments, but the traces of the apertures on these are very similar 
to those on better known cephalaspids. 

The sensory canal system of Thyestes 'verrucosus was 
described briefly and figured in 1940(22), Portions of it on 
a number of counterparts of dorsal shields indicate a position 
unusually superficial. One such specimen Doctor Patten had 
etched lightly, bringing these canals into greater prominence. 
The system as revealed in these specimens shows great sim- 
ilarity to that of T remat as The infraorbital starts 

lateral to the orbit, curves slightly forward and outward, 
following the distinct contour line about tlie base of the nasal 
eminence toward the midline. The lines from the two sides 
do not meet anteriorly. This canal consists of a continuous 
groove. The other traces of the system are dashed lines sim- 
ilar to those found on Tremataspis. Coursing posterolaterally 
from the posterior end of the infraor'bital is a series of three 
dashes forming the post-orbital line. Postero-lateral to this 
and more decidedly off-set than in Tremataspis is the mam 
lateral line, a series of dashes, four in number, extending to the 
posterior margin of the shield. A single dash about opposite 
the center of the dorsal field corresponds to the anterior trans- 
verse of Tremataspis, and a senes of three dashes cuts trans- 
versely from near the endolymphatic aperture to the border of 
the lateral field on either side, forming the supraoccipital. 
«Just anterior to the lateral field is an anterior marginal line. 

Some trunk plates are known, showing a transverse row of 
fairly prominent tubercles with scattered smaller ones between, 
similar to the segmentation trace ornamentation on the pos- 
terior portion of the dorsal shield. 
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Witaaspis sckrenchii (Paijder). 

1866 Cephalaspis schrenchii Pander (3) p. 47, PI. IV, fig. 2. 
1858 Cephalaspis schrenchii Huxley (9) p. 269. 

1868 Cephalaspis schrenchii Schmlidt (10) p. 170, 184. 

1866 Tremataspis schrenchi Schmidt (12) (in part). 

1891 Tremataspis schrenchi Smith Woodward (13). 

1892 Tremtaspis schrenchi Rohon (4) p. 61, PI. II, figs. 14, 15. 
1892 Cephalaspis schrenchi Schmidt (14) p. 99. 

1894 Thyestes schrenchi Schmidt (24) (in part) p. 206, PI. I, figs. 

3, 4, 6, 6, 9, ^*7, ?8. (Not figs. 1 and 2.) 

1895 Thyestes schrenchi Rohon (16) figs. 1-5. 

1927 "Cephalaspis" schrenchi Stensid (25) p 295 (not fig 2, 
PI. 48). 

1932 "Cephalaspis" schrenchi Stensio (20). 

1939 Wittaaspis schrenchii Robertson (6). 

"Cephalaspis" schrenchii (Pander) has been redescribed in 
a new genus, Witaaspis. As pointed out in that paper and 
also in a note concerning T remat as pis (23)^^ Schmidt really 
made this species the genotype of Tremataspis (12), and when 
he later removed it from that genus (14) he should have reduced 
the name Tremataspis to a synonym and should have given 
the genus represented by Tremataspis schmidti a new generic 
name. I have in. the two references mentioned chosen to dis- 
regard the taxonomic conventions on the grounds that more 
confusion would result from rectifying that ancient error than 
from letting it stand. 

Witaaspis schrenchii is a small cephalaspid, with a shield 
about 15-17 mm. long, about 20 mm. broad at the level of 
the pectoral sinuses. The dorsal shield is abruptly arched 
anteriorly. Anteriorly and laterally it has a raised marginal 
rdm, about 1.25 mm. wide, going smoothly over the edge of 
the shield. The general surface is ornamented with fine gran- 
ular tubercles and is divided into slightly ardhed, polygonal 
areas separated from one another by smooth, shallow grooves. 
Cornua and pectoral sinuses are rudimentary. The trunk 
division of the shield is moderately long. The orbits are large 
and nearly circular in outline. The naso-hypophysial fossa 
is deep, with the aperture on a prominent ridge in the fossa. 
The dorsal field is large, oval, and bordered by ridges. The 
lateral fields are long, extending nearly to the cornua. The 
cri'sta is low. Of the sensory canal system the infraorbital, 
postorbital, supraoccipital, and a trace of the main lateral 
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line are known. These resemble the corresponding lines of 
Tremataspis. 

Witaaspis pattern 'Rob:eil'tson (6). 

In 1940 the writer described this new species of Witaaspis 
from specimens in the Patten collection. Like the other species 
it is a small form, about 17 mm. long by 20 mm. broad. Cor- 
nua and sinuses are rudimentary. It differs from Witaaspis 
schrenckii in ornamentation, the general surface being cov- 
ered with fine granular tubercles but not divided into polj’^- 
gonal fields, and in having a prominent mid-dorsal crista on 
the shield. 

Saaremaaspts mick’witzi (Rohon). 

1892 Tremataspis michwitzi Rohon (-1) (in part). 

1938 Saaiemaaspis mickwitzi Robertson (23). 

1938 Saaremaaspts mickwitzi Robertson (7). 

Saai'emaaspis mickwitzi has a shield about 18 mm. long and 
19 mm. wide. The cornua are short and broad, the pectoral 
sinuses narrow and deep. The orbits are large and are about 
one-third of the way from the rostral margin to the level of 
the sinuses. The lateral fields are short, especially posteriorly. 
The dorsal field is nearly oval and large. The naso-hypo- 
physial fossa lies between the anterior parts of the orbits. 
The anterior of the shield is bluntly rounded. Prominent 
ridges lie mesial to the posterior portions of the lateral fields 
and extend back to ivithin about 1 mm. of the sinuses. The 
ornamentation consists of very fine granular tubercles. 

Cephalaspis oeselensis Robertson (8). 

The shield of this species is approximately 23-29 mm. long, 
the ividth at the level of the pectoral sinuses about 30-37 mm., 
varying with the degree of flattening. The cornua are mod- 
erately long and broad, the distance from the rostral angle 
to the cornu tip being 3.6 to 4.4 times the cornu length, that 
length being about 1.5 to 2 5 times its width at the cornu base. 
The orbits are of medium size, oval in form. The naso-ihypo- 
physial fossa is wide and deep, the foramen long and in a prom- 
inent ridge in the fossa. The dorsal field is narrow, lenticular, 
and bordered by ridges. The endolymphatic apertures aie 
within the field. The lateral fields are long, from forward of 
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the nasal level to the base of the cornua. Apparently six nerve 
trunks run to each lateral field, the two anterior trunks being 
within a common encasement until about half way between the 
orbit and the field The ornamentation consists of spine-like 
tubercles or denticles, each in the center of a polygonal area. 
The marginal tubercles are elongate, bun-shaped, somewhat like 
those found on the cornua, except that on the cornua they 
tend to mass together near the tip. The pectoral sinus 
margins are denticulate. The posterior border of the dorsal 
shield shows traces of segmentation. 

The superficial portions of the shields are not well-pre- 
served in most cases, and when they are preserved they arc 
extremely difficult to uncover, since the tubercles are fine, 
spinous, and brittle. A number of specimens exhibit details 
of nerve and vessel distribution and there are portions of the 
braincase available. 

It is of considerable interest to find in this early horizon a 
typical CepJialaspis, with well-developed cornua Heintz(26, 
p. 101) suggested a phylogenetic series of cepbalaspads, 
starting inth such forms as Ateleaspis, Aceraspis, and Micra- 
spisy in which the cornua are either absent or rudimentary, and 
going through Hemicyclaspis, with rudimentary cornua, to 
typically cornuate forms. He went on to analyze this series 
in terms of certain other anatomical features. In each case 
where Ceplialaspis appeared to fit into the series it was placed 
last, but the apparent order of development of the other 
forms was varied. He remarked (p. 105) “It is somewhat 
difficult to unite these lines [of specialization] and it is difficult 
to say which of them is the more correct. The most probable 
is, however, as in so many cases, that none expresses the true 
condition, and that the development of cephalaspids has pro- 
ceeded on many independent, more or less parallel hues.” 

l^Hiile the finding of a typical Cephalaepis in a horizon 
antedating those in which the “more primitive” forms have 
been found does not necessarily invalidate the theory, it at 
least makes one hesitate m accepting it in the absence of 
further evidence. 

The genus Ceplialaspis is of interest in one further respect. 
The Oesel material is regarded as of Lower to Middle Ludlow 
(26, p. 109), the oldest horizon from which Osteostraci have 
been described. It has also been described from the Downton- 
lan, from Lower Devonian, Middle Devonian, and Upper Devo- 
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nian. Moreover it has been described from regions as far 
apart as Poland and Wyoming. Tliis represents a wide geo- 
graphical distribution and a long life for a genus, especially if 
one is to regard ostracoderms as a group of fresh-water forms 
(27). Of course the fact that Cephalaspis is the type genus of 
the family makes it probable that cephalasplds whose generic 
identification is uncertain would be more likely to be assigned 
to this than to other genera of the family. However, a great 
many of the species, ranging from Upper Silurian to Upper 
Devonian, have been described by Doctor Stensid or by workers 
who have consulted with him, and his thorough knowledge of 
this genus makes the geological distribution appear valid. 


Classification of the Osteostraci. 

I am not sure that the present is the time for a thorough 
revision of the Osteostraci, but possibly a discuss-ion of the 
basis for our taxonomic categories in the group will stimulate 
others to make like contributions and from these we may arrive 
at certain principles to govern us in delimiting our groups. 

Regan (28) has stated that a species is any group which 
has been so listed by a competent taxonomist, and I think we 
can go little beyond that in our general definition at present. 
Here is one field in which a more extensive study of mutations, 
covering a wide variety of organisms, may eventually aid tax- 
onomy, but we are far from that as yet. 

Taxonomic categories, though we like to feel that the group- 
ing they segregate have a real genetic significance, are largely 
conventional. Ideally they aim to express varying degrees of 
relationship among organisms, successive categories being 
increasingly inclusive as we go from species upward, but there 
is certainly nothing especially significant about the category 
“species” which places it apart from other categories. Since 
we find a binomial classification convenient, however, it seems to 
me advisable to make little use of categories lower than this 
except for such groups as birds, in which geographical races are 
so abundant. Especially do I feel the importance of this in 
the classification of fossil forms. So many of the features of 
living creatures are unavailable in fossils that we may well 
attach greater taxonomic significance to recognizable differ- 
ences in fossils than we might in living forms. There may be 
exceptional cases in which more inconvenience would attach 
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to creating new species than to splitting a species into varie- 
ties, but I feel that the latter should in general be avoided. 

The general rule which I have tried to follow is to treat as a 
species any fossil form which is distinctive enough to be recog- 
nizably different from other fonns, trivial individual differ- 
ences excepted. For example in studying Tremataspis I found 
that there was a large group of individuals showing a com- 
mon form of nasal aperture and fossa, dorsal crista, etc., and a 
recognizable basic pattern in distribution of the dorsal tuber- 
cles, but wide variation in the number and detailed pattern of 
the tubercles. That group I regard as a single species, nor 
do I feel that anything would be gained by splitting it into 
a senes of varieties on the basis of those variations in tubercle 
distribution. On the other hand I found one individual show- 
ing a nasal form similar to one species, a tubercle distribu- 
tion similar to but not identical with a second, and a crista 
more like a third species. This individual I regard as rep- 
resenting a distinct species, and I believe that to call it a 
variety of any of the other three would place it in a false 
category. 

As regards species I tend to be a “splitter,” because I believe 
the function of the category “species” is to express slighter 
differences between groups of individuals, enabling us to specify 
more exactly the individuals to which we wish to refer in any 
way. 

The category “genus” starts an ascending scale of inclusive- 
ness. Here we have two functions, to specify as clearly as pos- 
sible a particular group of species, and to express important 
similarities within this group. It is important to make our 
genera broad enough to include closely related species and yet 
restricted enough to enable us to arrange our species in groups. 

Similar considerations apply to the still more inclusive 
categories of family, order, etc., and there is perhaps no more 
impressive argument for the major tenet of organic evolution 
than the knotty problems which face the taxonomist in attempt- 
ing to strike a balance between these two functions of 
classification. 

The Osteostraci seem to form a natural group. All of them 
possess bony shields which enclose the head and generally some- 
thing of the trunk as ■well. The naso-hypophysial aperture 
is unpaired and situated dorsally. The orbits are high dor- 
sally and approximated, with a pineal saddle between them. 
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They all have depressed areas posterior to the orbital region, 
which were probably covered by bony elements in all cases 
onginally, although these elements are rarely preserved. Sim- 
ilar depressed, plate-covered areas lie near each lateral margin. 
These two sets of structures have had a variety of functions 
assigned to them. A number of workers following Stensio(25) 
refer to them as dorsal and lateral electric fields I refer to 
them simply as dorsal and lateral fields. The ventral side has 
a large oralo-branchial chamber in its anterior part, which 
was apparentl}^ covered by a membrane reenforced with an 
armor of bony plates. These are rarely preserved, although in 
a few specimens we have found sufficient preservation to recon- 
struct their pattern. Posterior to this chamber may be a solid 
portion of the shield or there may be only bony plates or scales 
covering the rest of the venter. Branchial apertures are 
ventral, along the margins of the oralo-branchial chamber. 

The 'trunk legion postenor to the slueld, and the caudal 
region are known in detail in few specimens, but the traces 
we do find in others conform to the pattern found in those 
better known. This region has dorsally a imw of capping 
scutes, laterally two or three longitudinal rows of dorso-ven- 
trally elongated, narrow plates, somewhat like those of the 
Anaspida, and ventrally more irregularly arranged scales 
The form of the tail may be heterocercal or diphycercal. 
Hypocercal forms are found in Heterostraci but thus far have 
not been found in the Osteostraci. 

In 1936(29) I listed four families in the Osteostraci : Ceph- 
alaspidae, Tremataspidae, Dartmuthiidac, and Oeselaspidae. 
Diagnostic characters of these families are as follows: 

1. Cephalaspidae. 

The shield covers the head and extends back a short distance 
onto the trunk. Cornua are present, but may be rudimentarv. 
Lateral fields are undivided. Dorsal and ventral shields are 
fused marginally in some cases. The ventral shield posterior 
to the oralo-branchial chamber is generally short. Oralo- 
branchial plates are known in but a few forms, and in these 
they are relatively small and numerous. The caudal fin is 
larely preseiwed, but in those specimens in which it has been 
observed it is heterocercal. 

2. Tremataspidae. 

The shield covers the head and trunk. Coniua are absent. 
Lateral fields are divided into an anterior and a posterior 
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field. Dorsal and ventral shields are fused marginally. Since 
the ventral shield is as long as the dorsal, the two are commonly 
found as a solid encasement. Oralo-branchial plates are few 
and relatively large, ivith a definite pattern in their arrange- 
ment. The caudal appears to be diphycercal. 

3. Dartmuthiidae. 

The shield covers the head and most of the trunk. Cornua 
are absent. The postero-lateral corners of the shield are 
slightly produced, but these comers are not homologous with 
the cornua found on cephalaspids. The lateral fields are undi- 
vided. Dorsal and ventral shields are fused marginally. The 
ventral shield postenor to the oralo-'branchial chamber is 
covered by a mosaic of fine plates which sometimes remain 
attached and also show a loose connection to the ventral rim. 
Oralo-branchial plates are large and few. 

4. Oeselaspidae. 

The shield covers the head and most of the trunk. Coinua 
are rudimentary and pectoral sinuses face laterally. Lateral 
fields are divided as in Tremataspidae. Dorsal and ventral 
shields are fused marginally. Oralo-branchial plates are 
incompletely known but those observed are relatively large. 

The Tremataspidae and Oeselaspidae are represented by 
but one genus each. ' Others have at times been assigned to 
Tremataspidae but have been shown later not to belong to 
that family. In my description of RotsiJcullaspis(7) I did not 
assign it to any family, but it appears nearer to the Dart- 
muthiidae than to any of the others, and in 1939(8) I assigned 
it to that family. 

The Cephalaspidae includes a number of genera. In 1932 
Stensid(20) divided it into two sub-famihes, the Cephalaspinae 
and the Kiaeraspinae on the basis of the foim of the lateral 
fields and the course of the anterior nerves to these fields. 

The genera which he assigned to the Cephalaspinae are- 
Cephalaspis Agassiz, Hemicyclaspis Lankester, Ateleaspis (f*) 
Traquair, Mieraspis Kiaer, and Aceraspis Kiaer. 

To the Kiaeraspinae he assigned: Thyestes Eichwald, 
{Auclienaspis Egerton), Sclerodus Agassiz, Didymaspis Lan- 
kester, Benneviaspis Stensio, Secunaspis Stensio, Hoelaspis 
Stensio, Borcaspis Stensio, and Kiaeraspis Stensio. 

Stensio charactenzed the Cephalaspinae as follows (p. 76) : 
'"Cephalaspidae \nth electric fields well developed. Lateral 
electric fields devoid of distinct postero-median angle. Inde- 
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pendent canals of two most anterior nerves of lateral electric 
fields fairly long, their common canal ending just antero-lat- 
erally to the orbit. Canal of nervus trigeminus proper passing 
down to oralo-branchial chamber in space between independent 
canals of two most anterior nerves to lateral electric fields. 
Canal of dorso-lateral superficial vein 3 usually opening into 
postero-lateral corner of oi^bit.” 

Of the five genera assigned to this sub-family, three, Atele- 
aspis, Microspis, and Aceraspis, were inadequately known at 
the time. Ateleaspis had been described by Traquair(30, 31), 
Micraspis and Aceraspis had been briefly characterized b\' 
Kiaer(32, 33). In 1939 Heintz(26) published a thorough 
account of all three forms. His descriptions form the basis 
for the brief accounts to follow. 

Ateleaspis is about 19-20 cm. from the rostral angle of the 
shield to the end of the heterocercal tail. The shield is rel- 
atively short, about 4.5 cm., and apparently covered very 
little of the trunk. Cornua and pectoral sinuses are unde- 
veloped. The posterior of the shield has lateral “lappet-like 
expansions,” to use Traquair’s term, which Heintz interprets 
as pectoral fins similar to those found on some other cephalas- 
pids. The lateral fields are broad and long, the dorsal field 
short. The orbits are in front of the median part of the 
head shield. The naso-hypophysial aperture is between their 
anterior ends. There are two dorsal fins. Little is known of 
the Ventral surface, but the oralo-branchial plates apparently 
were minute. 

Aceraspis also lacks cornua and pectoral sinuses. What 
appears to have been a fin-like protrusion occurs at each pos- 
tero-lateral margin of the shield. The body length in the 
one species known is about 17-18 cm., the shield length about 
47-48 mm., its breadth about 50 mm. The shield in general 
is very similar to that of Hemicyclaspis, It covered the head 
and a short segment of the trunk. Posterior to the shield the 
body is encased in scales similar to those of other cepahalaspids. 
Two dorsal fins and a heterocercal caudal are indicated. The 
orbits, with the pineal plate between them and the naso-hypo- 
physial fossa in part between their anterior ends, are some- 
what less than half way between the rostral end of the shield 
and the level of attachment of the pectoral fins. The lateral 
fields are long and broad, the dorsal long and lenticular. The 
oralo-branchial fenestra was covered with small, angular scales. 
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The shield rim resembles that of Dartmuthia. The rim con- 
tinues around the fenestra except that it is incomplete poste- 
riorly, where the g'ap is filled in with scales like those covering 
the chamber. 

Micrctspis is a smaller creature. Lappet-like pectoral fins 
similar to those of Aceraspis are found, but again there are 
neither cornua nor pectoral sinuses. The lateral fields are 
long and broad, the dorsal field long and narrow. The plates 
over the oralo-branchial fenestra are varied in size and shape. 
The posterior and lateral ones are large, those of the central 
area smaller and very irregular, and a group of pre-oral plates 
small but more regular in pattern. The ventral shield is not 
closed behind the fenestra but is completed by scales. The fins 
are much like those of Aceraspis. 

Hemicyclaspis has a short shield with rudimentary cornua 
and pectoral sinuses and with pectoral fins like those of 
Micraspis. The oralo-branchial plates are small, numerous, 
and irregular in arrangement. The venter posterior to the 
chamber is closed with irregular, scale-like plates. Lateral 
fields are long, ending just anterior to the sinuses. The dorsal 
field is long to medium. The orbits are about half way back 
from the rostral margin to the sinus level. An anterior dorsal 
fin IS represented by a long dorsal crest consisting of a series 
©■f scutes. A posterior dorsal fin is located far back. 

Cephedaspis has a relatively short shield. The cornua arc 
quite variable but generally are at least as long as the trunk 
division of the shield. Pectoral sinuses are well-defined. The 
ventral shield posterior to the oralo-ibranchial chamber is 
short, and in most species is not preserved. How closely fused 
it was with the dorsal shield is thus in most cases not known. 
In some at leasit the fusion marginally seems to have been com- 
plete. The oralo-branchial plates are known in very few spe- 
cimens. In these they seem to have been roughly as in Hemi- 
cpclaspisy small, numerous, and irregular in arrangement. 
The lateral fields are long, extending at least to the cornua in 
those species in which the fields are available. The dorsal 
field is relatively long, starting immediately behind the pineal 
plate and extending behind the region of the endolymphatic 
apertures, which, in many cases at least, seem to have opened 
within the field. Generally the orbits are located about half 
way between the rostral margin and the level of the pectoral 
sinuses. In one species, Cephalaspis staxrudi Stensio, the 
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orbits are very far back, about 0 7 of this distance. The 
nas' 0 -h 3 rpophysial fossa and aperture he in part between the 
fonvard portions of the orbits. Pectoral appendages are 
knoAvn in some cases. They pro'trude from the pectoral 
sinuses, are scale-covered, and sometimes are margined with 
heavy scales. 

The sub-famaly Kiaeraspinae was characterized by Stensio 
as follows: “Electric fields well developed in certain forms, 
fairly short in others. Lateral electnc fields usually with 
postero-median angle, strongly developed in some forms. Inde- 
pendent canals of two most anterior nerves to lateral electric 
fields short or absent, their common canal extending close to, 
or even into, lateral electric fields. Canal of nervus tri- 
geminus proper passing down to oralo-^branchial chamber 
either entirely posteriorly, or entirely anteriorly, to canals of 
two most anterior nerves of lateral electric fields. Canal of 
dorso-lateral superficial vein 3 usually opening into canal of 
post-orbital division of vena capitis lateralis.” 

Thyestes {=Auchenaspis) has been described earlier in this 
paper, but may be briefly characterized again. The shield is 
relatively long, the posterior portion showing traces of seg- 
mentation, or as though it might have formed by fusion of some 
anterior scutes of the post-shield region. Cornua are of 
medium length, up to the length of the interzonal part of the 
shield. (They are shorter in T. salteri and T. 'oerrucosus 
than in T. egertoni.) Pectoral sinuses are fairly well devel- 
oped. The ventral shield is fused marginally with the dorsal. 
Lateral fields are short both anteriorly and posteriorly. A 
slight postero-medran angle is present on these fields. The 
dorsal field is short, extending only to the endolymphatic aper- 
tures Oralo-branchial plates are known only on a fragment, 
and appear to have been small and numerous. The orbits are 
slightly less than half ivay from the rostral margin to the 
level of the pectoral sinuses. As mentioned earlier in this 
paper, the sensory canal system resembles that of Tremataspis 
more than that of any other cephalaspid in which the system 
is known. 

Sclerodus (=Eukeraspis) has a fairly short shield, incom- 
pletely know'n postenorly. The shield margin is fenestrated 
in the one species known. The cornua are very long, longer 
than the shield. The pectoral sinuses appear to have been 
shalloAv and ill-defined. The ventral aspect is unknown. Lat- 
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eral fields are short, anteriorlj and posteriorly. The dorsal 
field is incompletely known. It is separated from the pineal 
by an elevation. The orbits are about three fifths of the way 
back from the rostral margin to the siinus level. 

Didymaspis has a long shield, encasing nearly or quite the 
entire trunk, resembling Tremataspis and Oeselaspis in this 
respect. Dorsal and ventral shields are fused marginally. 
Cornua and pectoral sinuses are rudimentary, located about 
half way back along the lateral margin of the shield, and the 
sinuses face laterally. Oralo-branchial plates are unknown. 
The lateral fields are short anteriorly, somewhat like those of 
Sclerodus. They have a postero-median angle which amounts 
to an extension of the field about three fifths as long as the 
main field, extending past the sinuses. The dorsal field is short, 
extending just to the endolymphatic apertures. The orbits 
are slightly over half way from the rostral margin to the 
sinus level. 

Bermemaspis has a shield broad and short, with very mucli 
produced postero-lateral angles. Comua are fairly well devel- 
oped, not extending beyond the interzonal part of the shield. 
Pectoral sinuses are broad and shallow. Dorsal and ventral 
shields are fused marginally. The ventral shield posterior to 
the oralo-branchial chamber is short. Lateral fields are long, 
extending nearly to the tip of the cornua, and have a pro- 
nounced postero-median angle The dorsal field is fairly long. 
The orbits are more than half way back from the rostral 
margin to the sinus level. 

Securiaspis has a broad, depressed shield of medium length. 
The cornua extend back at least as far as the interzonal part 
of the shield. Pectoral sinuses are broad and deep. Lateral 
fields are long, extending just onto the cornua, and the dorsal 
field is long. The venter is unknown The orbits are about 
three fifths of the way back on the shield. 

HoeI^<spis has a broad shield of moderate length, with a 
definite rostral process. Cornua are long and istout, and 
directed laterally. Consequently the sinuses are shallow and 
very ill-defined. Lateral fields are long, extending onto the 
cornua and have a distinct postero-median angle. The dorsal 
field is long. Orbits are about two thirds of the way back 
from the tip of the rostrum to the sinus level, about one third 
of the distance from the base of the rostrum. 

Boreaspis has a shield of medium length, -with a very long. 
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slender rostral process. The cornua are slender and shorter 
than the interzonal pai-t of the shield. Pectoral sinuses are 
distinct. The lateral fields are long, but not extending onto 
the cornua, and have a postero-niedian angle or extension 
directed backward parallel to the lateral margin of the inter- 
zonal part of the shield, somewhat like the extension of the 
fields found in Didymaspis. The dorsal field is of medium 
length. The posterior region of the ventral shield is fused 
marginally with the dorsal shield. The orbits are about two 
thirds of the way back from the rosti'al margin to the pectoral 
sinuses, noit including the rostrum. 

Kiaeraspls has a long shield, the posterior part with traces 
''.f segmentation. Dorsal and ventral shields are fused mar- 
ginally. The ventral shield posterior to the oralo-branchial 
chamber is unusually long. Cornua are short and broad, sin- 
uses slight. The lateral fields extend back to the pectoral 
sinus level. They have a curve posteriorly which points their 
ends about parallel to the interzonal part margin. The dorsal 
field is long and narrow. A pronounced median crista is pres- 
ent. Orbits are about half way back on the shield. 

The genera Witaaspts and Saareinaaspis have been described 
earlier in the paper, but may again be briefly characterized. 

Witaaspi.. has a shield of moderate length, with rudimentary 
cornua. /The lateral fields are of medium length, reaching 
almost to the cornua. The dorsal field is also of moderate 
length. 

Saaremaaspis is characterized by very short lateral fields, 
short but distinct cornua, and broad oralo-branchial chamber. 
The eyes are about one third of the way back from r^tral 
margin to sinus level. 

In 1939 Heintz(26) described some cephalaspids from the 
Downtoman of Norway and included a discussion of the classifi- 
. cation of the cephalaspids. In his classification he raised the 
cephalaspid group to sub-ordinal rank and the two sub-families 
of Stensio to that of families. He then erected a third sub- 
family, the Hemicyclaspinae. His outline classification is 
incomplete. One would like to have had him include all the 
families and genera of Osteostraci. As it stands it is as 
follows : 

Order Osteostraci 

Sub-order Cephalaspida 
Family Cephalaspidae 
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Sub-family Hemicyclaspinae 

Genera; Ateleaspis, AcerasptSj Micraspis, Hemicycl- 
aspis 

Sub-family Ceplialaspinae 
Genus Cephalaspts 
Family Kiaeraspidae 
Sub-order Tremataspida 

This opens the question of the disposition of the genera 
hsted by Stensio under the Kiaeraspinae. Stensib had hinted 
(20) that possibly this group could be further broken up, and 
Heintz suggests that possibly such a change will result from 
the •work •which Wangs jo had then in progress on the cephalas- 
pids from Spitsbergen. 

Heintz does not attempt to place the families Dartmuthiidae 
and Oeselaspidae in this scheme, but if it were to be adopted 
their disposition would need to be settled, either by placing 
them under one of the two new sub-orders or by raising them 
to sub-ordinal rank. If the latter alternative is taken it 
erects four sub-orders in the order, one with two families, at 
least two sub-families, and fifteen genera ; one -with two genera, 
each represented by a single species ; and two with a single 
genus. I hesitate over taking the step of erecting a sub-order 
to include but one genus, although that is not impossible. 

Heintz remarks (p. 95) in commenting on his classidcataon : 
“The paper of Robertson has also shown that between T remat a- 
spidae is a number of quite independent groups.” Presumably 
he referred to ray paper on the Tremataspidae(23) which 
included an outhne classification of the Agnatha down to 
families. 

The problem which Heintz faces here is familiar to taxono- 
mists. He has found reason to separate off a group of genera 
from others listed as belonging to tlie same sub-family. Tbis 
■can be done in one of two ways, one by raising the old sub- 
families to family rank, and the old families to sub-ordinal 
rank or to that of super-famaHes ; the other by introducing 
additional categories, such as super-genera. This also raises 
some objections. 

It has seemed to me that one might find some basis for a 
solution to this problem by analysis of the familial and generic 
characters which have been used by •workers in the taxonomy of 
this group. One might find that some of the generic dis^tanc- 
tions were sufficient to be given familial significance. 
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In tabular form the four families may be characterized as 
follows : 


Cephalaspidae 

Tremataspidae 

Dartmuthndae 

Oeselaspidae 

Cornuate 

Acornuate 

Acornuate 

Cornua rudi- 
mentary 

Shield covers head 
and small part 
of trunk 

Shield covers 
head and 

tnmk 

Shield coveis 
head and 

most of trunk 

Shield covers 
head and trunk 

Lateral fields sin- 
gle 

Lateral fields 
broken 

Lateral fields 
single 

Lateral fields 
broken 

Oralo - branchial 
plates small 

Oralo - bran- 
chial plates 
large 

Oralo - bran- 
chial plates 
large 

Oralo - branch- 
ial plates large 

Dorsal field 

reaches endo- 

lymphatic aper- 
tures 

Dorsal field 

not to endo- 
lymphatic ap- 
ertures 

D'orsal field 
not to endo- 
lymphatic ap- 
ertures 

Dorsal field not 
to endolymph- 
atic apertures 

Caudal heterocer- 
cal 

Caudal diphy- 
cercal 




Before proceeding to a discussion of sub-families and genera 
it may be of some value to consider the anatomical signifi- 
cance of these diagnostic characters. 

1, The presence or absence of cornua and pectoral sinuses 
was probably correlated with the presence, absence, or form 
of the pectoral appendages. The presence or absence of these 
appendages would involve other differences, such as, perhaps, 
the form of the caudal fin. This was discussed in the analysis 
of the Tremataspidae(23). 

The form of the cornua, depth of the sinuses, etc., may or 
may not have significance. With rudimentary cornua and 
sinuses in Hemicyclaspis and their apparent absence in Atele- 
aspiSi Aceraspis, and Micraspis we find well-developed pec- 
torals. What the significance of the small, laterally directed 
sinuses of Didymaspis and Oeselaspis may have been I do not 
know. It IS difficult to visualize pectorals there. In both 
oases the condition is correlated with a long trunk portion of 
the shield, almost like Tremataspis. 

2. The enclosing by the shield of a greater or lesser portion 
of the trunk in a non-segmented encasement would seem to call 
for differences in locomotion, with probable alteration of 
unpaired fins. 
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3. The function of the oralo-branchial plates over the venter 
of the oralo-branchial chamber was probably flexibility of the 
throat as an aid either m suction or in respiration or in both. 
As Stensio has pointed out (25), these plates were undoubtedly 
embedded in a membranous covering of the chamber. There are 
various rugosities on the plates and on the inner aspect of the 
shield but thus far not enough is known about these to warrant 
an attempt to reconstruct musciilar mechanisms. The sig- 
nificance of small and numerous or large and few plates is not 
apparent. Some suggestions have been made that certain of 
the plates may have served as food-manipulating “jaws,” but 
such speculations need much more working over before they 
warrant accep^tance. 

4. The foi-m of the lateral and dorsal fields may have had 
a bearing on their mode or degree of functioning, but what 
their function was we do not know. The form of the lateral 
fields was correlated with differences in neiwe distribution. 

As pointed out previously, Stensio (25) divided the Cephal- 
aspidae into two sub-famihes, Cephalaspinae and Kiaeraspinae, 
and Heintz(26) separated off four genera from the Cephalas- 
pinae as a sub-family, the Hemicyclaspinae, and erected a sub- 
order Cephalaspida, with two familios, Cephalaspidae and 
Kiaeraspidae 

The characters used by Stensio included some not available 
in most specimens, such as the nerve distribution to the Lateral 
fields. Using a series of characters in approximately the same 
anatomical category as those used for the families, one can 
tabulate the characters of the Cephalaspinae (as redefined by 
Heintz), Hemicyclaspinae, and Kiaeraspinae as follows: 

Cephalaspinae Hemicyclaspinae Kiaeraspinae 

Cornua at least as Cornua rudiment- Cornua usually well de- 
long as the interzonal ary or absent veloped (rudimentary m 

shield Didynimfis). 

Pectoral sinuses de- Pectoral sinuses in- Pectoral sinuses broad (rud- 
finite. definite, rudiment- imentary in Bidymaspii) 

ary or absent. 

Lateral fields long. Lateral fields long. Lateral fields usually long 

{Thyestes, Selerodus, Di- 
dymaspis, Bfmrenumspis 
exceptions) 

Dorsal field long Dorsal field long Dorsal field long (except 

or meduim Didymaspis and Thyestes). 





188 George M, Robertson. 

These distinctions seems to me to be insufficient to justify 
separation as families, but I am in agreement with Stensio and 
Heintz as to their validity as sub-families. Whether the dif- 
ference in nerve distribution between Kiaeraspinae on the one 
hand and Cephalaspinae and Hemicyclaspinae on the other 
should be recognized taxonomically is an open question. 

Generic distinctions in the cepbalaspids are : posterior exten- 
sion of shield, proportions of cornua and sinuses, length and 
form of lateral and dorsal fields, and relation of venter to 
dorsal shield. 

Stensio (25) lists as specific differences in cephalaspids : gen- 
eral shape and proportions of shield, configuration of the 
rostral margin, shape and direction and denticulation of 
cornua, shape and size of pectoral sinuses, shape and back- 
wiard extension of interzonal part of shield, size and shape of 
orbital openings, shape and extension of lateral and dorsal 
fields, and ornamentation. 

Comparison of the two lists would seem to indicate that no 
fundamental difference is recognized between generic and spe- 
cific characters, the former in the main being quantitatively 
greater than the latter. As to the significance of our 
generic and specific characters there is little to be said. Any 
alteration in shield proportions or in the degree of flex- 
ibility of such shield parts as the post-branchial venter would 
probably entail other differences, some of which might be func- 
tional, but on the whole the characters listed seem to be physi- 
ologically trivial. This is to be expected of characters diag- 
nostic of the lower taxonomic levels. 

This study does not profess to be revisionary, and I have no 
intention to go into the validity of the cephalaspid species, 
numbering at least eighty. I find no grounds for rejecting 
any of the genera listed in this paper. The one problem which 
I do wish to consider is that of family rank. 

Rohon(4!) gave the Thyestidae family rank, but other writers 
have in general disagreed. As shown earlier in this paper, 
the sensory canal system exhibits a close similarity to that of 
Tremataspis and differences from that found on any other 
cephalaspid to date. However this system is so little known in 
cephalaspids that one can hardly use it as a basis for more 
than specific distinction The endolymphatic apertures lie 
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outside the dorsal field as they do in Tremataspis» Oeselaspis, 
and DartmutJda. In most respects, however, the characters 
shown fall within the range of those typical of Cephalaspidae, 
and I would not place it as a distinct family or suh-family 

Didymaspis has sometimes been placed with Tremataspidae, 
but Stensi6(20) has shown that it has single rather than 
divided lateral fields and that it has rudimentary pectoral sin- 
uses, removing it from that family. He placed it with the Kiaer- 
aspinae. The chief ground for separating it from the Cephalas- 
pidae appears to be the great posterior extension of the slueld, 
which, as Stensio (p 58) says, “is so long that it undoubtedly 
comprises almost the entire abdominal region.” The question 
would be whether this character should be given greater weight 
than the presence of pectoral sinuses and undivided lateral 
fields In the extent of the shield over the trunk Didymaepis^ 
T remat aspisy Oeselaspis, Rotsikullaspis, and Dartmnthia are 
very similar. Didymaspis and Oeselaspis have the same type 
of rudimentary pectoral sinuses In fact these two genera are 
sufficiently similar for Patten (34) to list Oeselaspis as Didy- 
maspis pustulata The chief distinguishing features between 
these two geneia are the divided lateral fields m the one, 
undivided fields in the other. The sensory canal system is dif- 
ferent from that of any other known cephalaspid. 

The undivided lateral fields seem to be the main reason for 
the inclusion of this genus under the Cephalaspidae, and even 
these are unique in the peculiar postero-median process of the 
field, extending well back on the interzonal part of the shield, 
behind the sinus level. 

I would therefore favor separation of Didymaspis from the 
Cephalaspidae as an independent family, the Didymaspidae, 
characterized as follows : Shield covering the head and most of 
the trunk; pectoral sinuses rudimentary; lateral fields undi- 
vided but with long postero-median extension behind the pec- 
toral sinus level, dorsal and ventral shields fused mareinally. 

As it stands at present my classification of the Osteostraci, 
down to genera, is as follows: 

Order Osteostraci Lankester 
Family Cephalaspidae Agassiz 
Sub-family Cephalaspinae Stensio 
Genus Cephalaspis Agassiz 
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Sub-family Hemicyclaspmae Heintz 
Genera Hemicyclaspts Lankester 
Ateleaspis Traquair 
Micraspis Kiaer 
Aceraspis Kiaer 
Sub-family Kiaexaspmae Stensio 
Genera: Ktaeraspis Stensio 
Securtaspis Stensio 
B enneviaspts Stensio 
Hoelaspis Stensio 
Thyestes Eichwald 
Boreaspis Stensio 
Sclerodtis Stensio 
Witaaspis Robertson 
Saaremaaspis Robertson 
Family Treraataspidae Woodward 
Genus Tremataspis Schmidt 
Family Dartmutliiidae Patten 

Genera Dartmuthia Patten 

Rotsikullaspis Robertson 
Family Oeselaspidae Robertson 
Genus Oeselaspis Robertson 
Family Didymaspidae N fam. 

Genus Dtdymaspts Lankester 
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ON riLM FORMATION OF WATER FLOW- 
ING THROUGH THIN CRACKS. 

KOIAND MBYEROTT and HENRY MARGENAU. 

ABSTRACT The decrease with time in the flow of water reported by 
Wentworth has been investigated and found to depend not upon time 
but upon the amount of flow This, together with other evidence here 
presented, leads us to propose that the retardation of flow is due to the 
formation of small air bubbles on fractures or minute irregularities m 
the surfaces bounding the flow. 

I N a recent investigation on the viscous flow of liquids, 
Wentworth’- has described experiments in which he observed 
a decrease ivith time in the flow of water and other liquids 
through tliin cracks. He attributes this retardation to for- 
mation of a film on the walls of the channels and suggests 
its consideration in the study of intermolecular forces. While 
this problem is of practical importance in the study of flow of 
ground water, its chief interest to the physicist lies in this 
implied promise that the phenomenon might lead to a determin- 
ation of intermolecular forces or structure in liquids. Hence 
it seemed desirable to carry Wentworth’s work further, either 
to substantiate his hypothesis of film formation or to find some 
new explanation of the retardation. Our results have led us 
to propose a different mechanism for the effect. We suggest, 
on the basis of evidence to be described here, that it is due 
to the formation of small air bubbles on fractures or minute 
irregularities in the surfaces and that these obstacles impede 
the flow. 

The experiments were earned out mth the use of the simple 
apparatus shown in Fig. 1. The water container is a com- 
mercial pyrex pie plate with a piece of plate glass 15 cm. in 
diameter cemented to the bottom. A hole .8 cm. in diameter 
was ground through the center and a glass tube fitted to serve 
as an outlet. A second piece of plate glass was mouilted 
above the first by means of supports resting on the edge of the 
plate. The adjustment was accomplished by a micrometer 
screw of pitch 1/6 mm. The space between these two pieces 
of plate glass served as the adjustable “crack.” All parts in 
contact with the water were glass. 

^ Wentworth, C. K : 1914, Amer Jour Sci., 242, 478 
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Before each run the equipment was thoroughly cleaned with 
concentrated NaOH solution, then with cleaning solution, and 
finally by rinsing in distilled water. Interference fringes were 
used to adjust the zero of the micrometers. The entire plate 
was kept under a bell jar to prevent contamination. No 
attempt was made to keep the temperature constant, so that 




daily fluctuations in temperature had to be recorded. The rate 
of flow was measured by timing drops falling from the outlet 
(approxiniatelj^ .1 cc. per drop). The pressure head for most 
of these experiments was around 5 cm. of water. 


RESULTS. 

Little trouble was encountered in confirming Wentworth’s 
experimental results. Table I shows typical data selected from 
a run continuing over twelve days. The water was allowed 
to flow continuously and the readings selected for the table 
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were those at T = 21.00°C. The flow decreased by nearly 
500 per cent. This is a slightly smaller rate of decline than 
that noted by Wentworth for flow between lapped basalt, but he 
does remark that the slowing down is less pronounced for 
glass surfaces. 

Table T. 


Dependence of Flow on 

Time. 

Time (Minutes) 

Rate (drop 

0 

0101 

1,450 

00870 

2,669 

00774 

8,190 

00479 

16,920 

, 00205 


In addition to the time effect observed by Wentworth, we 
also measured a temperature effect much larger than can 
possibly be due to the change in dimensions. Attention was 
given to this aspect of the pro'blem because it might allow dis- 
crimination between the various possible mechanisms responsible 
for the slowing of the flow. An adsorbed film, for example, 
would progressively disappear from the walls as the tem- 
perature increases and thus promote the flow. The opposite, 
however, is observed. 

Table II shows several measurements taken at about the same 
time. The rate of flow is a decreasing function of the temper- 

^ u 41. . . 1. . .00833- 00682 

ature with a coemcieiit ot about — QQg^g^ — =.28/ C 

The apparent viscosity thus mcrcases i\ith temperature beyond 
all reasonable measure ; actually the normal viscosity decreases 
ivith temperature and with a coefficient of only .014/°C. 


T'vble II. 

Dependence of Flow on Temperature. 


Time (Minutes) 
1450 
1560 
1600 
1650 


Temperatuie (°C) 
21 10 
2120 
21 55 
21 75 


Rate (drops/sec) 
00833 
.00793 
00728 
00682 


A check was made for any evidence of liquid structure by 
determining the variation of rate as a function of plate sep- 
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aration d. On the assumption of laminar flow, it may be sho\»n 
that the rate R is given by 

^ (P.-P2)d^ 


where Pj— P 2 is the pressure difference, I'a the outside radius 
of the plate, r^ the radius of the outlet tube, and /u. the vis- 
cosity. This variation of R with d® was indeed observed, but 
the data will not be submitted here, since more accurate meas- 
urements of this sort at even smaller plate sepai'ations have 
already been published by S. H. Bastow and F. P. Bowden.® 
Finding no evidence for structure in the film, we proceeded 
to see whether the time effect is accumulative with the amount 
of flow. This was done by allowing the water to flow just 
long enough to measure the rate The results are shown in 
Table III It may be noted here that the rate was constant 
(disregarding the temperature effect) unless flow took place. 
This indicates that the change in R is not a time effect but 
accumulartwe with flow. Since we were using distilled water, 
the only source of contamination was air. Hence the plate 
was examined with a low power microscope, and small air bub- 
bles were seen adhering to the fractures and scratches in the 
plate glass. The number and size of these increase with time. 


Table III. 


Flow since last 


Time (Min.) 

Temperature 

Rate (drops'/sec.) 

observations 

0 

18.45® 

0248 

Start 

100 

18 90®^ 

.0230 

No Flow 

250 

1915®' 

0223 

No Flow 

400 

19 40® 

.0224 

No Flow 

1,405 

18 80® 

0206 

f Restrict flow 
t during night 

1,600 

19 50® 

0199 

No Flow 

2,695 

1955° 

0192 

No Flo%v 

3,116 

20 05® 

.0185 

No Flow 

4,185 

2015® 

.0184 

No Flow 

4,485 

20 20® 

0158 

Flow 

5,595 

2040° 

.0118 

Flow 

7,110 

19 75° 

.0137 

No Flow 

8,310 

19 20® 

.0117 

Flow 

8,610 

20 00® 

.00927 

Flow 

9,810 

19 10° 

.00917 

Flow 


“ Bastow, S H. and Bowden, F P 1935, Proc. Roy. Soc 151, 220 
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DISCUSSION. 

The precipitation of air from the water would explain all 
the facts observed here and by Wentworth. The time effect is 
one of obstruction of the opening by adhering bubbles, while 
the unusually large temperature effect is due to the expansion 
of these obstructing bubbles. Wentworth observed an increase 
in rate with the jarring of his apparatus ; we observe a decrease 
in rate upon jarring. This difference is due to the direction 
of the flow; in Wentworth’s case it was out toward increasing 
r. Thus, any dislodged bubbles would in his case be earned 
into positions where the obstruction would affect the flow less, 
while in our case the reverse was true. 

The bubbles seem to precipitate out only on scratches. This 
would probably explain why Wentworth finds a greater rate 
of retardation with lapped basalt than is found with glass. It 
IS not likely that basalt will take on a surface as smooth as 
plate glass. 

An attempt to eliminate air from the water proved unsuc- 
cessful w'lth the present equipment. Water previously boiled 
but allowed to stand quickly becomes aerated, and we find the 
someivhat anomalous situation of air being absorbed in the 
water at the open surface and precipitating out at the 
cracks. (That the air bubbles probaibly come from the water 
and not from the solid surfaces is shown by the fact that 
retardation is accumulative with flow and does not occur in 
the condition of stagnancy.) Why such a preference is shown 
we do not know, but it seems understandable that sudden 
changes in the flow patteni, which occur near irregularities 
of the surfaces such as scratches and cracks, favor the foirnia- 
tion of bubbles ifrom air absorbed in the water. No doubt the 
solubility of air will also be affected by the small separation 
of the plates. 

SioASTE Physics Laboratoht, 

Yale Uhtfersity, 
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PARASITIC WORMS IN PERMIAN BRACHI- 
OPOD AND PELECYPOD SHELLS 
IN WESTERN AUSTRALIA. 

CURT TEICHERT. 

ABSTRACT. Borings apparently attributable to parasitic worms are not 
uncommon in Permian brachiopod and pelecypod shells m Western Aus- 
tralia. The nomenclature of ClionoUthes and PaJtieoaabeUa is discussed and 
it is concluded that both names refer to boring sponges. Most of the bormg 
worms of the Palaeozoic seem to be without available names. The new 
genus Oonchotrema is established for certain types of worm borings in shells 
of Devonian, Mississippian and Permian age. Another genus is discussed, 
but not named. 

INTRODUCTION. 

R ecords of parasitic sheli-bonng animals in the Palaeo- 
zoic are comparatively rare. The traces left by such 
organisms are mostly attributed to sponges and worms and 
numerous “generic” and “specific” names have been established 
for such remains. Boring sponges have been described from 
the Ordovician of Bohemia, and from the Devonian of New 
York and Germany as ClionoUthes, Topsentia, Clionoides, 
Olkenbachia, and FUuroda; bonng worms are known from the 
Devonian and Mississippian of U. S. A. and from the Devonian 
of Brazil and of Germany where they have been described as 
ClionoUthes, Cavlostrepsis, and Palaeosdbella, Certain other 
types of borings are known to have been caused by parasitic 
Bryozoa {RJiopalonoriidae, VineUidae and others). However, 
it is not intended to review the subject here, and the reader is 
referred to discussions and summaries published by Clarke 
(1921), Moodie (1923), Abel (1935) and SoUe (1938). If 
such borings are in the form of more or less straight or simply 
curved, single or branching, tubes they are usually ascribed 
to the activity of worais ; if they are more irregular excavations, 
often branching out in dendritic fashion from some central 
hole, boring sponges are thought to have been responsible for 
them. 

As far as I am aware no remains of shell-boring parasitic 
animals have ever been described from Australian rocks or 
from rocks of Permian age anywhere in the world, and it may 
therefore he of interest to announce their occurrence in West- 
ern Australia, where they are not uncommon in deposits of 
Permian age. 
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The borings made by these parasites are very similar to cer- 
tain borings described from North America and elsewhere for 
which worms are now generally believed to have been responsible. 
Shells which have been infested by these parasitic worms have 



Pig. 1 Index Map of Western AiKtralla, showing localities mentioned m 
the text 


been found in such vndely separated areas as on the Wooramel 
River at about 26° S. lat., on the Minilya River at about 
24s° S. lat. and in the Kimberley Division at about 18° S lat. 
It was found that these organisms as a rule attacked large 
shells rather than small ones, and although a more thorough 
search of the collections might bring to light additional speci- 
mens, it seems that large productids, spiriferids, and specimens 
of Deltopecten have been the most common objects of attack. 

It is important to note that with one significant exception, 
in most of the brachiopod specimens observed the parasites 
restricted their attacks either to the dorsal valve, or if the 
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ventral valve was affected at all, the borings are mostlj^ con- 
fined to the anterior edges and to the cardinal extremities. 
This observation seems to afford evidence for the conclusion 
that the parasitic organisms attacked living and not dead shells, 
and that, therefore, we are concerned with a case of true para- 
sitism. Further notes on the ecology of the parasites ivill be 
found below. 

TAXONOMY. 

Unfortunately, the nomenclature of some of the remains of 
supposed bonng sponges and worms is in a state of confusion 
and some historical remarks are necessary, before the Western 
Australian finds can be described and properly named. 

The first attempt to describe, on a broader basis, parasitism 
and related phenomena among fossils was made by J M. Clarke 
in 1908 Among the new genera introduced by Clarke in that 
paper was Cltonolifhes, established to designate a certain type 
of borings in shells which he then thought were due to the 
action of bonng sponges. Clarke included in this genus Viaa 
prisca McCoy (1855) and the new species ClionoUthes radicam, 
C. repfans and C. palmatus. The three latter species came 
from the Devonian of North America, the first-named species 
had originally been described from the Silurian of England, but 
Clarke referred to it also a number of borings from the Devon- 
ian of North America. It is quite clear from Clarke’s onginal 
text that he did not select a genotype w'hen he established the 
genus, but that he chose the name for all the four species men- 
tioned above without giving preference to any one of them. 

In another paper, in 1921, Clarke recogmsed that Cliono- 
UtJies in the sense in which the name had been used by him in 
1908 comprised borings of two different types. He now thought 
that only the borings of ClionoUthes radicans, C. reptans and 
C. palmatus had been made by sponges and that Vioa prisca 
and the specimens from North America which he had identified 
with tliis species were borings made by parasitic w’orms. Refer- 
ring to his earlier paper he said that in 1908 he had “insti- 
tuted the generic designation ClionoUthes for a group which 
w'as based on the form described by^ McCoy from the Silurian 
as Vioa prisca and which was made by us to include not only 
tubes of that type, that is, straight subclavate fillings, but 
also very much smaller, much more intricate, arborescent or 
vagrant tubes.” He thought that only the latter group wms 
related to the sponges and that the name ClionoUthes should 
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be restricted to it, “even though this may not be in precise 
accord with proper nomenclatorial procedure.” 

In this connexion it will be noted that in 1908 Clarke did 
not base ClionoUthes on any one species, but on four species 
at the same time. If his intention was different, this does not 
appear from his text. Clarke was therefore in his formal right 
in 1921 to restrict the name ClionoUthes to any combination 
of the original four species and this he did, again without 
selecting a genotype. 

At the same time Clarke removed Vioa prisca to a newly 
established genus, Palaeosahella} On pp. 90-91 he mentions the 
existence in the Devonian of New York of tubes which he 
believes to be due to the action of parasitic worms and continues 
as follows ; “In seeking a designation for these tubes and 
burrows, we have noted the fact that they were described by 
McCoy under the name Vioa prisca from a Silurian mollusk. 
Vioa being an existing genus of boring sponges, and as we are 
convinced that such tubes as were indicated by McCoy are 
referable to the worms, a more appropriate name is required 
and we propose to apply to all of them the designation Paleosa- 
bella (sic) prisca (McCoy) disregarding differences in size, 
which are often obvious, and of the curvature, which are 
slight.” Since no other species is mentioned in this paper in 
connexion with the generic name Palaeosahella the latter must 
be regarded as a monotypic genus which has Vioa prisca as 
its genotype, notwithstanding the fact that Clarke included 
in this genus many North American occurrences and that his 
conception of the genus was founded more on his American 
material than on the original Vioa prisca from England. 

In the same publication (p. 88) Clarke established another 

^ When he introduced this name in the text (p 91, see quotation below) 
Clarke used the spelling “PaIeosaJ>ella’* In the explanation of all the text- 
figures, however, the adopted spelling is Palaeosahella which is therefore 
here accepted Solle, in 1938, spelt the name Palaosabella. 


PLATE 1. 

Fig. 1 ConcJiotrema tubulosa Teichert, n. sp, infesting dorsal valve of a 
productid. Nponcanbah senes, 2 miles east of Christmas Creek Homestead, 
Kimberley Division, Western Australia Holotype no. 21319 XS 
Fig. 2. Conchotrema tubulosa Teichert, n sp, infesting ventral valve of 
Taeniothaerus subquadratus Morns (?). Wandagee senes, Minilvi River, 
west of Coolkilya Pool, Northwest Division, Western Australia ^ >. 21 Ml. 
X2. 














CUBT TEICHEBT PL. 2 


AM. JOITB OP SCIENCE, VOL. 243 




BracMopod and Pelecypod Shells in Westeim Australia. 201 

genus, Tiopsentia, with T. devonica as the only species which 
he referred to the sponges. 

A genotype of Clionalithes was finally selected by Fenton and 
Fenton in 1932 (p. 43) w'ho chose C. radtcans Clarke. In 
addition to the species which Clarke had left in the genus these 
authors referred to it three additional species, \iz. Cliona 
hacJcherrensis Thomas, and the new species ClionolitJies irregu- 
laris and C. fossiger, all from the Devonian of North America. 
The authors share Clarke’s revised opinion as to the nature 
of these remains. 

Discussing Vioa prisca McCoy in another section of their 
paper Fenton and Fenton arrive at the conclusion that that 
species must probably be regarded as congeneric with Top- 
sentia devonica. They describe it as ^‘TopsenUa^ prisca^' and 
refigure one of McCoy’s original illustrations of the species. 
Furthermore, in their discussion of Palaeosabella on p. 51 they 
arrive at the conclusion that when proposing this name “Clarke 
considered only his American material, and both by implication 
and statement of characters excluded Vioa prisca McCoy. . . . ; 
that Palaeosabella is based upon P. prisca Clarke, not on Vioa 
prisca McCoy; that the genus is without a genotype, implied 
or described; that if used at all . . . it should be based upon 
borings comparable to those shown in Clarke’s Fig. 77, page 92, 
of Organic Dependence and Disease.” 

However, it seems to me that this proposed procedure is 
incompatible with the letter and spirit of the International 
Rules of Nomenclature. From the quotation I have given 
above from Clarke 1921 it must be evident that Palaeosabella 
is a monotypic genus in the sense of Art. 30c of the Rules, 
with Vioa prisca McCoy as its genotype. The fact that Clarke 

PLATE 2 

Fig. 1. Conchotrema tubvlom Teichert, n. sp., infesting dorsal valve of 
SptHffir cf. hardrruumi Foord. Byro senes, 2 miles E. S E. of Survey 
Station R20, Wooramel River Western Australia. No. 8483. Nat. size. 
Tlie outer shell layers are weathered and the tubes are exposed. 

Fig 2. Conchotrema tubnlosa Teidiert, n sp., infesting dorsal valve of 
Spirifer rostalinus Hosking. Byro series, Wooramel River area, Western 
Australia No. 21270. X2. 

Fig. 3. Conchotrema teimis Teichert, n. sp., infesting dorsal valve of a 
Spirifer Wandagee series, Minilya River, west of Coolkilya Pool, North- 
West Division, Western Australia, No. 21321. X8. 

Am. Joub. Sci. — ^Voi, 243, No. 4, Apeh, 1945. 
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had before him numerous specimens which he, possibly wrongly, 
identified with Vioa pHsca can be of no taxonomic consequence, 
and no such species as “Palaeosahella prisca Clarke” exists. 
If it IS found, as Fenton and Fenton suggest, that Vioa prisca 
and Topsentia dcoonica are congeneric, the name of Palaeosa- 
bella may become a synonym of Topsentia, the latter having 
page priority. 

The name OlleenbacMa Solle (1938), genotype 0. hirsute 
Solle appears to be a synonym of Clionolithes Clarke Solle 
was under the mistaken impression that Clarke in 1908 had 
selected Vioa prisca McCoy as genotype of Clionolithes. Recog- 
nizing the fact that the same species was also the genotype of 
Palaeosahella Clarke 1921, he claimed that the latter had to 
be suppressed as a synonym of Clionolithes, which in his opinion 
referred to worms. It seems that Solle had no knowledge of 
Fenton and Fenton’s paper of 1932. He proposed the name 
Olkenhacliia with 0. hirsuta as genotype for a certain type of 
borings from the Devonian of Germany, and included in this 
genus Clionolithes radicans and C. pahnatus from North Amer- 
ica. Another genus, Filuroda, was established for Clionolithes 
reptans Clarke. It appears, therefore, that Olkenhacliia is a 
subjective synonym of Clwnohthes and that the following 
generic names are now available for borings of the types here 
under consideration* 

Clionolithes Clarke 1908 

Genolectotype (Fenton and Fenton 1932) C. radicans Clarke 
1908 

Synonym* Olkenhacliia Solle 1938. 

Occurrence Devonian North America, Germany. 

Filuroda Solle 1938 

Genotype* Clionolithes reptans Clarke 1908. 

Occurrence* Devonian. North America. 

Topsentia Clarke 1921. 

Genomonotype T. devonica Clarke 1921 

Occurrence Devonian. North America 

Possible synonym: Palaeosahella Clarke 1921 
Genomonotype V loa prisca McC oy 1865 
Occurrence* Silurian England. 

It appears from our previous discussion that all these names 
refer to borings made by parasitic sponges, although some of 
them have at times been used for various types of worm borings, 
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and that, therefore, most of the objects described in various 
papers under various names as borings of parasitic worms are 
without any valid name. These include most of the borings 
referred to Palaeosabella and some of those referred to Cliono- 
lithes by Clarke in 1921, a Moississippian foirm, Clionolithes 
cavma, as described by Pnice in 1916 and 1918, and the objects 
described in the present paper. Caulostrepsis Clarke (1908) 
seems to be the only name available for worm-made borings, 
but this name must be restricted to flattened, loop-shaped tubes 
as illustrated by Clarke in 1921 which cannot be easily con- 
fused with other forms. 

It is, of course, necessary to remember that the objects to 
which all these genenc names have been given constitute no 
more than what the palaeobotanist would call “form genera”. 
We cannot be sure that all the borings known under one genenc 
or specific name were the work of the same species or even 
genus of worms, particularly so, if objects from different parts 
of the world and of different age are involved. For practical 
purposes it is, however, desirable to name such objects in con- 
formity with the Rules of Zoological Nomenclature. 

DESCRIPTION OF SPECIES. 

Conchotrema Teichert, n gen. 

Derivation of name : Konclie, Gr. shell ; trema, Gr. hole 

This genus is intended to include bonngs in shells wliich 
consist of narrow tubes of generally less than 0.2 mm. diameter 
which communicate with the surface, but are otherwise com- 
pletely buried in the shell. They are either straight, or only 
gently curved, and branching. Species may be distinguished 
by the thickness of the tubes and by the density of their dis- 
tribution in the shell. 

Genotype Conchotrema tuhulosa Teichert, n. sp. 

In addition to the genotype and the second species described 
below from the Permian of Western Australia the genus includes 
also Clionolithes canna Price from the Mississippian of North 
America. It seems probable that the Devonian of North Amer- 
ica contains at least one undescribed species of the genus which 
is exemplified by an unnamed specimen of '^Palaeosabella** from 
tlio Oriskany sandstone figured by Clarke in 1921, p. 98. 

Whetlier or not specimens referred to "Palaeosabella prisca** 
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on p. 103 (figs. 95-103) of the same publication are also 
referable to our genus seems doubtful. The tubes in these speci- 
mens seem to be thicker, shorter, fewer and farther apart ; also 
branching is seldom observed in them. It will probably be 
necessary to establish another new genus for these forms. 

Conch, otrema tuhulosa Teichert n. sp. 

PI. 1, Figs. 1, 2; PI 2, Figs 1, 2; PI 3, Figs 2-4. 

Description of holotype (no. 21318), PI. 1 Fig. 1: The 
borings are found in the dorsal valve of a fairly large though 
poorly preserved productid which may belong to a species of 
either Waagenoconcha or Aitlosteges. The inner side of the 
valve is exposed, while the outer side adheres to the matrix. 
The shell is penetrated by a network of fine tubes which are 
filled with limestone matrix. The width of the tubes varies 
between 0 2 and 0.3 mm. As a rule they are fairly straight 
for lengths up to 6 or 8 mm., side tubes may issue from a 
straight tube at intervals of from 1 to 3 mm., and eventually 
one tube may branch into one or more tubes or it may be bent 
in a gentle curve. Most of the tubes are entirely embedded in 
shell matter, others are open and run along the surface How- 
ever, since it is evident that in places shell layers have been 
removed by weathering of the specimen, it seems certain that all 
the tubes were originally internal. No tubes are to be seen 
in cross-section and it seems therefore that the tubes cannot 
have entered the shell from inside of the valve. The tubes are 
fairly evenly distributed throughout the entire shell. 

Occurrence of holotype: NooncanbaJh senes, Permian, 2 
miles east of Christmas Creek Homestead, Kimberley Division. 

Additional material' Conchotrema tubulosa is found in 
many large spiriferids and productids of the higher marine 
Permian beds of Western Australia. Only a few examples can 
be discussed here. Two dorsal valves of Aulosteges baracoo- 
densis (nos. 21319, 21320) from the base of the Upper Fer- 
ruginous senes, N. of Hill C, Grant Range, and from limestone 
at the base of Mt. Hardniann, Kimberley Division, are bored 
by tubes which show an arrangement similar to that of the 
holotype (PI. 3 Fig. 4). In both these specimens there is, 
however, a tendency for the tubes in the anterior half of the 
shell to become arranged in parallel lines running in a radial 
direction. A similar arrangement of the tubes is characteristic 
in specimens described as ^‘Palaeosabella prisca?^ from the 
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North American Devonian by Clarke in 1921 (p. 103) and 
also from the Devonian of Brazil (Clarke 1913, p. 177). 

Along the Minilya River, west of Coolkilya Pool, there occur 
in the Wandagee series large numbers of a large productid, 
usually identified as T aeniothaerus suhquadratus, which may 
attain a length of up to 10 cm. Many of these specimens 
are infested by Conchotrema tubulosa and it is almost invari- 
ably the very strongly convex ventral valve which is attacked 
(PI. 1 Pig. 2). This is probably to be explained by the obser- 
vation that this large productid had very long and strong 
spines so that the ventral valve was elevated above the sea floor 
to which it was attached by the spines. The sea-water carrj’- 
ing the larvae of the parasite had therefore free access to all 
parts of the ventral valve. 

In the same area and the same strata, large species of 
Spirifer are also frequently infested by the same parasitic 
organism. In the spiriferids it is especially the dorsal valve 
which IS infested. The dorsal valve of a large specimen of 
Spirifer cf. liardmanni Foord (no. 21323, 64 mm. long 84 mm. 
wide) has a well preserved shell which is pierced by numerous 
entrances of tubes (PL 2 Fig. 1). Near one of the cardinal 
angles about 25 small holes can be counted on an area of 1 
square cm. If the ventral valve of one of these large Spirifers 
IS infested at all the tubes are invariably restricted to a strip 
along the anterior margin of the shell. 

Specimens of Spirifer rostalinm Hosking, another large spiri- 
ferid, from the Permian of the Wooramel River area show the 
same type of infestation as the spiriferids from the Minilya 
River. Specimens no. 8483 from 2 miles E.S.E. of Survey 
Station R20 has a dorsal valve which is everywhere penetrated 
by tubes which are similar to those of the holotype (PI. 2 Fig. 
2). No. 21270 from an unknown localitj^ in the Wooramel 
area shows the parasitic tubes mainly confined to a strip of 
the dorsal valve close to the hinge-line. The tubes in this 
specimen are not quite as straight as in the holotype. They 
seem to be slightly finer and are more frequently curved and 
crossing over. 

Smaller species seem to be less subject to attacks by Concho- 
trema although some specimens of Spirifer (usually known as 
“Spiriferella”) australasicus have been found whose shells 
were penetrated by tubes of Conchotrema tvibtdosa (no. 21325), 
from the Calceolispongia stage of the Wandagee series of the 
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Minilya River. (PI. 3 Fig. 3). The comparatively heavy 
hinge part of some of these specimens whose shell is up to 5 mm. 
thick IS crossed by tubes lying m all directions. 

With the exception of spinferids and productids few shells 
seem to have been subjected to attack by the parasitic worm. 
So far only two valves of Deltopecten cf. suhqumquelmeatus 
(no. 21324) from the Permian of the Wooramel River area 
have been found which have been bored by Conchotrema tuhu- 
losa. (PI. 3 Fig. 2). The tubes in these two shells are slightly 
narrower (0.15 to 0.2 mm. wide) than those of typical Cotv- 
chotrema tubulosa and they are less straight 

Remarks ; Conchotrema tubulosa is closely similar to Cliono- 
lithes canna from the Pennsylvanian Conemaugh series of West 
Virginia Published pictures (Price, 1916, pi. 30 fig. 1 ; Clarke, 
1921, fig. 91) leave little doubt that that species is a true 
Conchotrema. In 1916 (p. 668) Price described the species as 
follows : 

“Fine tubules, freely branching and anastomosing, iso as to 
form an irregular mat sometimes of several strands thickness , 
tubules varying slightly in thickness, from 0.16 to 0.25 mm. 
in diameter; seldom unbranched for as much as 2 mm. in length ; 
branches straight, slightly curved, crescentic or a little sinu- 
ous.” 

In 1918 (p. 790) he added that “ the tubules evidently were 
not raised upon the surface of the shell, but were completely 
buried within the shell substance and communicated at their 
ends with the surface.” It will be seen that these conditions 
closely resemble those described in the Western Australian 
species. These Permian borings differ from the Pennsylvanian 
Conchotrema canna mainly in the fact that the tubes are less 
crowded in the former and cannot be said to form a “mat” 
as described by Price. 

Judging from illustrations, Conchotrema tubulosa is also 
similar to a specimen from the Batesville sandstone (Missis- 
sippian) of Arkansas which Girty in 1915 (p. 38) described as 
a parasitic Bryozoan Rhopalonaria ? sp., but which resembles 
somewhat a worm of the Conchotrema type. 

Some of our specimens also resemble rather closely an un- 
named species of “Palaeosabellal^ from the Oriskany sandstone 
as figured by Clarke on p. 98 (1921). 

Ecology of the species ’ If Conchotrema was a true parasite 
which infested living shells, one would expect to find the records 
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of its activities mainly on those parts of the shell that were 
free and not those that were in contact with the sea-bottom. 
It has already been pointed out that in spinferids it is mostly 
the dorsal valve which is alone infested. The shells rested on 
the larger ventral valve which was probably partly embedded 
in the mud. In some instances it was found that the anterior 
margin of the ventral valve was attacked as well and it can be 
concluded that in such specimens the ventral valves were not 
wholly buried but that the anterior margin was free of the 
sediment. 

In the small species Spirifer anstralasvcus it was found that 
the umbonal region of the ventral valve was also infested by 
tubes and it may therefore be concluded that such small species 
were attached by the pedicle and elevated above the bottom 
of the sea so that the parasite had access to all parts of the 
shell. 

The same is true in the case of some large productids of the 
type of Taenioihaerus suhquadratus Since as has been men- 
tioned it IS invariably the ventral valve which is infested by 
the parasite it may be concluded that this species was supported 
by its large and strong spines which lifted the valve some 
distance above the bottom of the sea. The shell itself was 
thus completely surrounded by sea-water and the parasite 
in the larvae stage had easy access to the ventral valve which 
was thicker than the dorsal valve and, therefore, more desirable 
from the parasite’s point of view. 

It has already been observed that the parasite rarely 
attacked pelecypods. This also seems to be true for parasitic 
sponges: Solle (1938, p. 160) found that bonng sponges in 
the German Devonian attacked brachiopods much more often 
than pelecypods. 

Conchotrema tenuis Teichert, n. sp. 

Plate 2 Fig 3 

Description- Tubes not exceeding 0.1 mm. diameter, branch- 
ing freely, seldom straight, but mostly curved or sinuous. The 
tubes are found in dorsal valves of spinferids which they enter 
from the outside. The entrances of neighbouring tubes are 
usually not more than 0.2 to 0.3 mm. apart. The net work 
of the tubes is very much finer than in Conchotrema tubulosa 
and in C. canna. 
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OccurreTice: So far this parasite has been found in valves 
of a large undescribed species of Spirifer (specimens 45 mm. 
long, 145 mm. wide along the hinge-bne) in which the tubes 
are mainly restricted to the posterior half of the dorsal valve, 
Holotype: no. 21321, zone 19 of Wandagee series, syncline 
west of Coolkilya Pool, Minilya River. In another specimen 
from the same locality (no. 21190) a small area near the 
umbo of the ventral valve is also infested by the same type of 
tubes. 

Gen. et sp. ind. 

Plate 3 Fig. 1. 

Another interesting parasite cannot yet be adequately des- 
cribed. Traces of its activities were found in a specimen of 
Spirifer cf. hyroensis (no. 21330) from the lower half of the 
Calceolispongia stage of the Wandagee series (same general 
locality as foregoing species). It bored apparently few and 
large tubes. The speoimen under consideration shows remnants 
of three tubes in its dorsal valve which are from 0.8 to 1 1 mm. 
wide. One tube can be followed in the shell for a distance of 
13 mm. in which it is almost straight. Another tube starts 
about 5 mm. from the hinge line. Immediately after it has 
crossed the posterior margin of the dorsal area it turns at right 
angles and runs along the area parallel to the hinge line m the 
direction of the umbo. After a length of another 6 mm. 
however, it disappears in the interior of the shell probably 
continuing into the thickened shell matter of the hinge part 
in the vicinity of the umbo of the valve. 

Clarke, in 1921, has described a number of specimens from 
the Oriskany sandstone of New York which bear considerable 
resemblance to our specimen. I refer in particular to the 


PLATE 3 

Fig. 1. Tube of parasitic worm in the hinge part of a Spirifer shell. 
Wandagee series, Mmilya River, west of Coolkilya Pool, North-West 
Division Western Australia No. 21830. X8 

Fig 2 Conchotrema tubulosa Teidiert n. sp , infesting valve of Deltopec- 
ten Byro senes, Wooramel River area, Western Australia No 21824. X2. 

Fig. 3 Oonehotrema tubvlosa Teichert, n. sp, infesting umbonal part 
of ventral valve of Spirtfer austrcUasicus Etheridge. 

Fig. 4. Conchotrema tubulosa Teichert, n. sp , infesting dorsal valve of 
Aulosteges baracoodensis Etheridge Upper Ferruginous series. Grant 
Range, Kimberley Division, Western Australia. No 21819 X2. 
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stereograms reproduced by Clarke on pp. 92-97 and also to 
figs. 100 and 101 on p. 103. These pictures illustrate tubes 
which occur either solitary or in pairs and which have diameters 
between 1 and 2 mm. They are usually straight for some 
part of their length, bent in at least one place and sometimes 
curved in a hook-shaped fashion. 

There is little doubt that these objects have nothing to do 
either with Conchotrema or Cavlostrepsis and that a new genus 
should be erected for them which should probably also include 
the specimen from Western Australia described above. How- 
ever, the description of such a genus is better left to one who 
has access to Clarke’s original specimens 
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RING STRUCTURES AT MAUNA KEA, 
HAWAII. 

GORDON A. MACDONALD.! 

ABSTRACT Besides the radial rift zones characteristic of Hawaiian 
volcanoes, Mauna Kea also shows arcuate alignments of cinder cones along 
lines concentric to the eruptive axis of the volcano. These indicate the 
existence of arcuate fissures and groups of fissures, occupied beneath the 
surface by ring dikes or cone sheets. The arcuate alignment of vents 
appears to be the result of intersection of shallow-seated radial fissures 
with the arcuate intrusions at depth 

INTEODUCTION. 

C oncentric structures, sucli as rmg dikes, cone sheets, 
and cauldron subsidences, are common features of many 
volcanic districts. The classic examples occur in Scotland, 
especially among the Tertiary volcanics, but also in more 
ancient rocks." Examples also have been found in North 
America,** and elsewhere. At volcanoes which arc too httlo 
dissected to reveal the internal structure, the existence of con- 
centric intrusions at depth is implied by the arcuate alignment 
of minor vents on the flanks of the mountain,* and the large 
calderas which occur at many volcanoes are the result of 
subsidence along concentric fissures. 

In Hawaii, calderas formed by the subsidence of roughly 
circular segments of the summits of the great volcanoes have 

^ Published by permission of the Director, Geological Survey, U, S 
Department of the Interior. 
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long been recognized. Although these subsidences have sug- 
gested the probable existence at depth of ring dikes, and pos- 
sibly cone sheets, direct evidence of those features 'has not until 
novr been recognized. It is the purpose of the present paper 
to offer recently discovered evidence of their existence at Mauna 
Kea. Unpublished notes by A. E. Jones in the possession of 
C. K. Wentworth, written about 1936, appear to indicate that 
he suspected the existence of arcuate structures at Mauna Kea. 
R. H. Finch, in an unpublished report to the superintendent of 
Hawaii National Park, dated December 6, 1941, also noted that 
cinder cones on Mauna Kea might be aligned along both radial 
and concentric rifts. As a background for the discussion of 
the structural features, the general geology of Mauna Kea 
will be briefly summarized. 

R. H. Finch, T. A. Jaggar, H. T. Stearns, and C. K. Went- 
worth have kindly criticized the manuscript. James Y. Nitta 
prepared the figure. 

GENERAL GEOLOGY OF MAUNA KEA. 

Mauna Kea, on the island of Hawaii, is the highest peak 
in the Hawaiian Islands. A large cinder cone at the summit 
reaches an altitude of 13,784 feet above sea level. On the 
north the lavas of Mauna Kea are banked against the older 
and smaller Kohala Volcano (Text Fig. 1), and to some extent 
interbedded with the latest lavas of the Kohala Volcano.® On 
the south they are overlapped by late lavas of Mauna Loa, 
but deflection of late flows of Mauna Kea eastward and west- 
ward along the depression between the two mountains indicates 
that the northern slope of Mauna Loa must already have been 
built nearly to its present position at the time they were 
erupted. Mauna Kea and Mauna Loa must have grown to a 
large extent simultaneously, and their lavas must be inter- 
fingered at depth. A similar relationship probably exists 
between the lavas of Mauna Kea and Hualalai. 

The volcanic rocks of Mauna Kea are divided in Text Fig. 1 
into two groups, named respectively the Hamakua and Laupa- 
hoehoe volcanic senes. The Hamakua volcanic series is named 
for its exposures along the Hamakua coast, northwest of Hilo, 
where it is well exposed in sea cliffs and in the walls of large 

® Stearns, H T, and Macdonald, G A.* Geology and ground water 
resources of the island of Hawaii, Hawaii Div of Hydrography, Bull. 8, 
in preparation 



212 


Gordon A. Macdonald. 



Fig. 1. Gieologic map of Mauna Kea, Hawaii, showing arrangement of cinder cones along radial and concentric fractures. 
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gulches. Its greatest exposed thickness is 650 feet, but its 
thickness below sea level is many thousands of feet. The 
Laupahoehoe volcanic series is named for its exposures at 
Laupahoehoe peninsula, where a typical andesite flow has built 
a lava delta. At its type locality lava of the Laupahoehoe 
volcanic series is separated from the rocks of the older Hama- 
kua volcanic series by a profound erosional unconformity. 
Erosional unconformities of lesser magnitude separate the two 
volcanic series at other localities, but in still other places there 
is no sharp separation. Volcanism was essentially continuous 
from one to the other. Around the periphery of the mountain 
many of the lava tongues of the Lapahoehoe volcanic series 
are only one or two flows in thickness. On the upper flanks 
of the mountain erosion has in general been too slight to expose 
the base of the Laupahoehoe volcanic series, but the presence 
of a large kipuka of the Hamakua volcanic senes extending 
up the southern slope to about 10,000 feet altitude indicates 
that the thickness on the outer slopes of the mountain prob- 
ably nowhere exceeds a few hundred feet, and in many places 
may be measurable in tens of feet However, if a caldera 
formerly existed, as appears probable, and was filled by the 
Laupahoehoe volcanic materials, the series may reach a thick- 
ness of two or three thousand feet. 

The rocks of the Hamakua volcanic series consist largely 
of olivine basalts, representing the undifferentiated magma of 
the Hawaiian province. A few thin ash beds are intercalated 
with the lavas, but for the most part pyroclastic debris forms 
only a small proportion of the whole. The lavas were erupted 
in a highly fluid condition, and spread out as thin flows far 
from their vents, building a broad shield volcano. In the upper 
part of the Hamakua volcanic series, high on the southern 
slopes of the volcano, there are exposed, however, thick deposits 
of explosion debris composed of blocks of olivine basalt and 
picritic basalt in a matrix of vitric-crystal tuff.®^ If such 
deposits are abundant in the upper part of the cone, below 
the levels revealed by the shallow erosional dissection, they 
together with the greater abimdance of eruptions at and near 
the central eruptive axis probably account for the steepness 
of the upper slopes of the cone, which have an average inclina- 
tion of about 16® in contrast to 5° on the lower slopes. 

Stearns, H. T : Glaciation of Mauna Kea, in preparation. 



214 


Gordon A. Macdomdd. 


Gradually, as the frequency of eruption decreased and the 
magma chamber feeding the volcano cooled, differentiation 
brought about important changes m the composition of the 
erupted lavas. Interbedded with the olivine basalts in the 
upper part of the Hamakua volcanic series there are many 
flows of picritic basalt and andesite. The picritic basalts 
are rich in phenocrysts of olivine and augite, and are believed 
to have formed by the settling of intralellunc phenocrysts 
from upper to lower portions of the magma column. The 
andesites are believed to represent the upper part of the mag- 
ma column, impoverished in the constituents of the sunken 
phenocrysts. 

The Laupahoehoe volcanic senes contrasts with the earlier 
rocks in consisting very largely of andesites, with less abundant 
olivine basalts. Picritic basalts are entirely absent. The 
andesites m general ivere erupted in a more viscous condition 
than the earlier lavas, witli the production of greater quantities 
of pyroclastic material Locally, small viscous domes were 
formed by tlie accumulation of lava around vents. 

Except 111 a small wind-swept area southwest of Waimea, 
on the northwest side of the mountain, the surface of the lavas 
of the Hamakua volcanic series is buried beneath a cover of 
yellow to reddish-brown ash, correlative in age ■with at least 
a part of the Pahala ash on Mauna Loa.® This ash is 15 feet 
thick near Hilo, gradually decreasing in thickness northwest- 
ward Near Kukaiau, 25 miles northwest of Hilo, it is only 5 
to 6 feet thick, and in the saddle between Mauna Kea and 
Kohala its greatest depth is 4 to 5 feet. Where not influenced 
by outside factors, its thickness increases up the mountain. At 
ail}’’ locality, the maximum thickness is present only ivliere the 
accumulation of ash has not been interrupted by lava flows. 
Its distribution and vaiiation in thickness indicate dearly that 
most of the ash came from cones on Mauna Kea, although there 
must have been small additions from such other neighboring 
sources as the northeast rift zone of Mauna Loa Far from 
being a good time marker, the Pahala ash at its places of 
maximum thickness represents continuous accumulation from 
late Hamakua time to the present. A smaller amount of ash 
is present also on many flows of the Laupahoehoe volcanic 

® Stearns, H T , and Clark, W O ; 1930, Geology and ivater resources of 
the Kau District, Hawaii, U S Geol Survey "Water Supply Paper 616, p. 
66-88 
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series, equivalent in age to the upper part of the ash on lavas 
of the Hamakua volcanic series. 

Near the end of its eruptive history, the summit of Mauna 
Kea was buried beneath glacial ice. A few small lava flows are 
later than the glacial drift, and other flows at lower altitudes 
appear to be of about the same age. These late flows have 
been arbitrarily separated from the rest of the Laupahoehoe 
volcanic series. All are andesites. 

CONCENTRIC STEITCTURES. 

Hawaiian volcanoes are characterized by zones of fracturing 
that extend outward from the summit of the mountain These 
are known as rift zones. There are generally three of these 
rift zones, the mountain being divided by them into three more 
or less equal wedge-shaped segments. One of the nft zones is, 
however, generally less prominent than the other two. The rift 
zones are marked at the surface by rows of cinder and spatter 
cones, and at depth by innumerable roughly parallel dikes. 

The structure of Hawaiian volcanoes, as expressed in the 
rift zones, is thus typically radial. This radial arrangement 
of rifts is found on Mauna Kea, one rift zone trending nearly 
westward from the summit, another northeastward and the third 
southeastward. They are clearly shown in Text Fig. 1 by 
the alignments of cinder cones. The western rift appears to be 
prolonged eastward beyond the summit, giving vent to a few 
eruptions low on the eastern flank of the mountain. Other 
radial eruptive fissures lie between the nft zones, but the greater 
abundance of vents within the rift zones is obvious. 

In addition to the radial structure, there is present on 
Mauna Kea an arrangement of the cinder cones along lines 
concentric to the eruptive axis of the volcano. In the field, 
one of the most prominent concentric alignments is the ring 
of cones that encircles the summit platform (Plate 1), although 
owing to the small scale, it is not very conspicuous on the map. 
This series of cones, including Poliahu Cone, Summit Cone, 
Goodrich Cone, Waiau Cone, and two unnamed cones between 
Poliahu and Summit Cones, forms three sides of a roughly 
horseshoe-shaped basin about a mile across. All of the cones 
are andesitic. 

Other arcuate alignments of cones are indicated in Text 
Fig 1 Two prominent arcs occur on the southern slope. A 
less definite alignment extends half w'ay around the mountain 
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from the Humuula Saddle on the south along the eastern and 
northera flanks to Kaluainakani Cone (1).’ The extension of 
this alignment throughout the entire arc of 200° may not be 
justified, but segments of it at least are definite. 

A very definite arcuate alignment of cones extends from 
Puu lo (2) on the northwestern slope of Mauna Kea, south- 
westward to Puu Kanalopafcanui (3), a distance of 13 miles, 
and 60° of arc. Tliese cones are of late Hamakua age, and 
all of them are built of picntic basalt. At many of them loose 
well-formed crystals of augite and olivine can be collected. 
Another nearly parallel line of cones lies two to three miles 
to the west. 

In some places the arrangement of the cones appears to 
indicate two or more parallel arcuate alignments. Moreover, 
along some of tlie arcs the cones appear to be of somewhat 
different age. 

Tlie arcuate alignments of cones appear to indicate the exis- 
tence of concentric arcuate fissures, or groups of fissures, which 
served as loci for the rise of magma from the underlying magma 
chamber. Intrusion of magma into such fissures would result 
in the formation at depth of nng dikes or cone sheets, depend- 
ing on the inclination of the fissure. There is no definite indi- 
cation at Mauna Kea as to whether the dikes dip inward, as 
cone sheets, or are vertical or steeply outward-dipping, in the 
manner of ring dikes. The known occurrence at Hawaiian 
volcanoes of cauldron subsidence in the formation of summit 
calderas suggests, but by no means proves, that the arcuate 
intrusives are nng dikes. On the other hand, there is nO' 
detectable evidence of collapse of the upper part of Mauna 
Kea. Although a caldera probably once occupied the top of the 
mountain, it has been buned and completely hidden by later lava 
flows and pyroclastic matenals. Still another line of evidence 
suggesting that the underlying arcuate intrusive bodies are 
probably ring dikes is the apparent long persistence of surficial 
activity along some of the arcs. Cone sheets are typically thin, 
and would be expected to cool relatively quickly, whereas many 
ring dikes are thick and might remain uncrystallized for con- 
siderable periods, during which they could supply magma for 
surficial eruptions. 

Although the cones are aligned along definite arcs, no example 

’The numbers in parentheses refer to the numbered localities in text 
Figure 1. 




Summit of Mauna Kea from the north-northeast, showing the arrangement of cones along an arcuate fracture Starting at the right and proceeding 
in a clockwise direction, the cones are Poliahu, two unnamed cones, Summit, Goodrich, and Waiau Cones Photo by U S Army Air Corps 
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has been found in which the surficial crack along which eruption 
occurred was parallel to the arc. At many places there is no 
definite indication of the course of the eruptive crack, but at 
many others the alignment of pits or the arrangement of the 
group of cones shows conclusively that the crack was radial 
with respect to the summit of the mountain. Thus it appears 
that although the feeding body at depth was arcuate in form, 
the shallower-seated fissures along which eruption occurred 
were radial. 

From a study of a geological relief model of Mount Etna, 
it appears that there are present at that volcano features 
closely resembling those at Mauna Kea. Prominent radial rift 
zones, and also distinct concentric alignments of cinder cones 
can be distinguished. A concentric alignment of parasitic cones 
has been recognized also on Fuji Volcano. Fujiwhara® believes 
that the parasitic cones of Fuji are arranged along logarithmic 
spiral fractures, caused by thrust along the volcanic axis. 
The spiral fractures he compares with spiral flow figures pro- 
duced on the polished surface of a steel plate, when it is 
punched with a cylindrical steel rod. A similar tendency toward 
spiral arrangement of the cones appears probable on Mauna 
Kea, (Text Fig. 1), but it is not sufficiently definite to be 
asserted as a fact. 

In conclusion, cinder cones on Mauna Kea show both radial 
and concentric alignments, indicating both radial and concen- 
tric fissures that acted as conduits along which the magma 
rose from depth. The radial fissures are most numerous in 
three zones, which constitute the radial rift zones typical of 
Hawaiian volcanoes. Many radial fissures occur outside of 
these principal rift zones, however. Vents are especially numer- 
ous at the intersection of the radial rift zones with the arcuate 
lines. Magma rising along the arcuate fissures probably formed 
ring dikes at depth, but the arcuate fissures seldom, if ever, 
conducted the magma to the surface. The shallow fissures 
that were sufficiently open to permit the rise of magma to the 
surface were radial, the arcuate arrangement of vents being the 
result of the intersection at unknown depth of the radial fissures 
with the arcuate intrusions. 

® Fujiwhara, S : 1934, On the spiral arrangement of the parasitic cones 
of Huzi (Fuji) Volcano, Fifth Pacific Sci. Cong Proc, vol. 3, pp. 2265-2270. 

U. S Geologicai. Survey, 

Honolulu, Hawaii. 

Am. Jour. Sci. — ^Vol. 243, No 4, April, 1945. 
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DISCUSSION. 

EARLY PERMIAN ROCKS OF SOUTHERN PERU 
AND BOLIVIA. 

This is a preliminary note to announce that a large part, at least, 
of the "Carboniferous” beds, long known in the region about Lake 
Titicaca, are of Early Permian (i.e., Wolfcamp) age. A report 
on the stratigraphy and on the fusuline faunas is in preparation and 
will be published in the near future. 

While gathering from these beds the material for his excellent 
monograph, "Les Brachiopodes du Carboniffere sup^ieur de 
Bolivie,” Dr. Ramon Kozlowski made a fine collection of fusulines 
which shortly before the outbreak of the war were sent to Dunbar 
for study. Sections were made and illustrations and descriptions of 
a score of species were prepared, but meanwhile communication with 
Doctor Kozlowski in Warsaw was broken and it was impossible to 
secure from him a much needed stratigraphic summary. Publica- 
tion was therefore delayed. 

During the year 194<4, Newell had an opportunity to make recon- 
naissance studies of these late Paleozoic deposits over a large area 
in southern Peru and northern Bolivia and to study and measure 
three fine sections and make zonal collections of the fossils. The 
fusulines were sent to Dunbar and the stratigraphic studies are now 
being prepared for publication by Newell. Kozlowski’s fossils can 
now be placed in these sections. 

These late Paleozoic deposits rest upon Middle Devonian and 
are overlain by Lower Cretaceous and Lower Cenozoic deposits and 
are preserved only in synclines of limited areal extent. The most 
complete section measured is in the Munani area in the headwaters 
of Rio Munani about 60 kilometers north of Lake Titicaca, and it 
has a thickness of over 6700 feet. The section on Peninsula 
Copacabana in Lake Titicaca is only about 2400 feet thidc. 

Fusulines occurring in the middle and upper part of these sections 
are all clearly of Wolfcamp age. They mclude at least three 
species of Pseudoschwagerina along with a few species of 
Sckwagerina and several of Triticites. Among these is the largest 
species of Pseudoschwagerina yet known. 

Since the lowest zone of fusulines was found about 1800 feet 
above the base of the section m the Munani area and about 1100 
feet above its base in the Capacabana area, it is possible that the 
Pennsylvanian system is represented below the Permian, but no 
evidence therefore is now known; the horizons from which the well 
known “Upper Carboniferous” fossils have come (i.e., the Spirifer 
condor zone) are shown by the fusulines to be of Wolfcamp age, 
as R. E. King correctly inferred in 1930 (p. 36) from a study of 
the brachiopods described by Kozlowski. 

CARL O. DUNBAR AND NORMAN D. NEWEDX. 

Prabodv Museum, 

Yaie Univehshet, 

New Haven, Conn. 
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SCIENTIFIC INTELLIGENCE 

Mineralogy. 

Dana’s System of Mineralogy', by Charles Palache, Harry 
Berman and Cupford Frondel. Seventh Edition Vol. I, pp. 

(6X9). New York, 1941! (John Wiley and Sons, $10.00). 
— The appearance of a new edition of Dana’s System is a great 
event, eagerly awaited. Fifty-three years have passed since the 
Sixth Edition was published in 1892 and thirty years since the 
publication of the third and last appendix to that edition. During 
this long interval, the judgment that “mineralogy is a completed 
science” was pronounced and was promptly refuted by the revolu- 
tionary discovery of the diffraction of x-rays by crystals. The 
new knowledge of the structure of crystalline matter has profoundly 
altered some of the most fundamental concepts of mineralogy. Tt 
is not surprising, therefore, to find many changes in the new edition, 
and it is gratifying that the old concepts have not been indiscrimi- 
nately swept away, but rather integrated into the modern frame- 
work of the science. 

In their achievement of proper balance, the authors of the Seventh 
Edition have maintained the standards set in the previous editions. 
The First Edition, published in 1887 by J. D. Dana (in his 
twenty-fourth year') and the Second Edition published in 1844 
were based on the so-called natural history system of classification, 
but Dana, in the Third Edition in 1850, indicated dissatisfaction 
with tliis system. Only four years later in the Fourth Edition he 
abandoned it completely in favor of a chemical classification. The 
Fifth Edition in 1868 was marked by advances in systematization, 
particularly in the recognition of the close relationships among 
minerals that are today grouped togetlier. The Sixth Edition 
was published in 1892 by E. S. Dana after ten years of labor and 
is undoubtedly one of the most remarkable critical compilations ever 
written. Essentially the work of one man, it would be noteworthy 
merely for the almost complete absence of error, but it is great 
because its author combined nicety of judgment on controversial 
points with real insight with respect to broad relationships. 

The first of the projected three volumes of the Seventh Edition 
contmues the tradition of sound scholarship and critical selec- 
tion. It IS not a very difficult task, though a tedious one, to assemble 
all the data of mineralogy. The real test of skill and judgment 
is the reduction of a huge mass of data to a concise, yet complete 
and coherent account, and that test has been met mos't successfully 
by the authors of the Seventh Edition. Volume I shows an expan- 
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sion of perhaps 20 to 30 per cent over the corresponding sections 
of the Sixth Edition, but careful reading of the text indicates that 
this expansion was held to a mirumuni by rigid selection and by 
economy of words throughout. 

Futhermore, the authors have performed an invaluable service to 
mineralogy by their emphasis on unsolved problems and needed 
research. The new Dana should be a source book of research 
problems for a long time. That is as it should be ; one of 
the main objectives of any compilation in science should be to 
guide the way to research that makes the compilation obsolete. 

In summary, though this Edition is not “by Dana,” it is 
worthy of the Dana name. It is an accomplishment of such mag- 
nitude that the reviewer is somewhat hesitant to discuss points, rela- 
tively unimportant, on which he disagrees with the authors. How- 
ever, discussion of Volume I may be helpful in the preparation of 
Volumes II and III, which probably will not be ready for some 
years. Accordingly, differences m viewpoints are mentioned in the 
following discussion of the details of the Seventh Edition. 

The classification remains chemical, and Volume I shows rela- 
tively few major changes. Eight classes are included. (1) Native 
elements; (2) Sulfides; (3) Sulfosalts; (4) Simple oxides; (6) 
Oxides containing uranium, thorium and zirconium; (6) Hydroxides 
and oxides containing hydroxyl ; (7) Multiple oxides; (8) Multiple 
oxides containing columbium, tantalum and titanium. The principal 
changes from the Sixth Edition are the division of the oxides into 
five classes, the inclusion of the so-called titanates, coluinbates and 
uranates with the oxides, and the classification of quartz and the 
other forms of silica with the silicates rather than with the oxides. 
The second and third of these changes will require some mental 
adjustments by most readers, but are logical in the light of modern 
knowledge of atomic structure and help to make the presentation 
better integrated. Each class is subdivided into types, the order 
of presentation being that of decreasing cation to anion ratio. 
Within the types, numerous mineral groups are recognized. A new 
and laudable feature is the treatment of complete isomorphous series 
as single units. 

The consecutive numbering system of the Sixth Edition has been 
replaced by a more complex system, which has, however, the advan- 
tage of elasticity and which allows new minerals to be numbered 
according to their proper positions. The change poses a serious 
problem to curators of the many mineral collections that are 
arranged according to the system of the Sixth Edition. The new 
numbering system should be an aid in keeping collections properly 
arranged, but the initial labor of rearrangement wUl be very great, 
perhaps prohibitively so. The following minerals appear to the 
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reviewer to have been misplaced in the classification on the basis 
of cation to anion ratio* the tetradymite group, nagyagite, bismite, 
sillemte, and psilomelane. 

The new edition has followed the principles of nomenclature that 
were recommended by the Second Committee on Nomenclature of the 
Mineralogical Society of America (Am. Mineral. 21, 188 (1936) ) 
and formally adopted by the Society (Am. Mineral. 24, 176 (1939) ). 
It is to be hoped that the combined prestige of Dana and the Society 
will persuade all mineralogists to conform to these principles. 
Curiously enough, the authors of the Seventh Edition have written 
an account (pp. 46-47) in which the rules of nomenclature actually 
adopted by the Society are confused in part with some of the 
earlier suggestions of the First Committee rejected by the Society, 
so that the reader is left with the misleading impression that the 
nomenclature of the Seventh Edition represents only the authors’ 
personal choice. 

The most important change in nomenclature is the adoption of 
W. T. Schaller’s proposal to replace with uniform adjectival mod- 
ifiers the varietal names based on minor isomorphous replacements. 
This proposal has been objected to by many at first sight as arti- 
ficial and untraditional, but a fair trial has convinced many Amer- 
ican mineralogists of its advantages. These are evident as never 
before on inspection of Volume I of the Seventh Edition. To cite 
a single example, the use of suitable adjectival modifiers with the 
two names tetrahedrite and tennantite makes it possible to discard 
at least nine special names for varieties. General adoption of this 
method of naming varieties is the most promising means of pre- 
venting the science from being buried under the growing burden 
of useless and unnecessary names. The reviewer guesses that the 
indexes of the Seventh Edition will, when completed, contain 
over 30,000 entries, of which probably three-fourths will be names 
not needed by the science. Clearly it behooves anyone about to 
propose a new name to tliink twice as to whether or not it will 
serve a useful purpose. 

The authors of the Seventh Edition have departed from customary 
American practice by usmg the symbols nX, wY, nZ, nO and tiE in 
place of the more common a, y, to and e for the indices of 
refraction The symbols used are unambiguous and proibably will 
not cause any difficulty. They also have the advantage of being 
easy to type. It is to be regretted that three sets of symbols for 
indices of refraction are in use in the United States. Agreement 
on the use of one set should be sought. 

A minor criticism of the nomenclature is that Russian proper 
names have not been handled systematically or consistently. 

The crystal symmetry class is given for each mineral in the 
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notation of Groth as modified by Rogers. The axial ratio is listed 
for both the direct and the reciprocal ratios. In addition^ elements 
other than those adopted are listed in the references with the trans- 
formation formulas to the accepted elements. The most common 
forms are listed witli calculated angles; rare and uncertain forms 
are listed in the references. The angles are not the direct inter- 
facial angles as in the Sixth Edition, but are the polar angles of 
the faces in terms of the gnomonic projection for the possible set- 
tings of each crystal on the goniometer. 

The presentation is designed to serve the needs of erystallog- 
raphers and will be invaluable to them. Presumably, lack of space 
did not permit inclusion of the direct interfacial angles. Their 
omission will diminish the utihty of Dana to many who are 
unfamiliar with the two-circle goniometer, but who may have occa- 
sion to measure an interfacial angle. To be sure, the Introduction 
gives the necessary calculations in some detail, but it seems prob- 
able that most users of Dana will prefer to turn to the angles listed 
in the Sixth Edition, when possible. 

The x-ray crystallographic data are limited to the space group, 
given in the Hermann-Mauguin notation, the unit cell lengtlis and 
the atomic content of the unit cell. Some hitherto unpublished 
information is given. Discussion of tlie details of the structures 
IS not attempted except for brief statements of features common to 
members of groups or types. X-ray powder data are not included. 

In addition to conventional statements of habit and twinning, 
there are listed under the new subheading Oriented Growth the 
species with which intergrowths have been observed and also the 
positions of mutual orientation. This is a welcome and most use- 
ful addition. 

The crystal drawings were well chosen and carefully prepared. 
Unfortunately they are not numbered, which will make reference to 
them difiicult when more than one are printed on a single page. 

The physical properties are given much as in the Sixth Edition, 
but data on such properties as thermal expansion, thermoelectricity, 
magnetic properties, gliding planes, and melting points have been 
included when available. The noticeable paucity of such informa- 
tion should be a challenge to mineralogists. The data for specific 
gravities are notably improved by the inclusion of many previously 
unpublished determinations made by means of the Berman 
microhalance. 

Optical data given for opaque minerals in reflected light include 
color, anisotropy, and reflection percentages for various wave 
lengths of light. Etch reactions and microchemical tests have been 
omitted For the non-opaque minerals, the indices of refractions 
are listed for several wave leng^s of light and, for the few ram- 
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erals for which such information is available, at various tempera- 
tures as well. It IS to hoped that Volumes II and III will 
utilize graphical presentation of the variations of optical properties 
for isomorphous series. 

The section on chemistry lists the formula, with a discussion of 
isomorphous substitutions and the observed limits of substitution. 
In general, the isomorphous substitutions treated in this volume are 
simple in type, and it is only in Class 8 (Multiple oxides containing 
eolumbium, tantalum, and titanium) that the modern theory of 
isomorphous replacement as a function of ionic radius is very evi- 
dent. The authors have achieved some noteworthy simplifications 
in the treatment of this extremely complex class. Throughout the 
volume, the analyses listed have been selected to illustrate the range 
in composition. Not as many are given as would be desirable, pre- 
sumably because of space limitations. The qualitative tests, treated 
very briefly, are elementary in nature. 

The authors are to be congratulated particularly for the section 
on occurrences. For each species, a general statement of the types 
of occurrences is given, with emphasis on paragenesis and on min- 
eral associations. These are also given for each locality in the 
detailed list of occurrences, which is therefore much more than a 
catalogue of place names. Economic geologists should especially 
welcome this presentation. ‘Great care has obviously been taken in 
listing the names of foreign localities, in which there are practically 
no errors. 

Features that have been retained much as m the Sixth Edition 
include discussions for each mineral of its alteration products, the 
derivation of its name, and a complete synonymy. The section 
headed Artificial has been expanded to include not only the reported 
methods of synthesis, but also references to the physico-chemical 
studies of systems bearing on the stability relations of the mineral. 
Special features are a brief, but excellent account of Radioactivity 
by J. P. Marble, and a section summarizing our knowledge of 
Meteorites. 

Another valuable feature retained from the Sixth Edition is a 
comprehensive list of journals in which mineralogical papers appear, 
with much useful information on dates of publication, serial numbers 
and indexes. In addition, the list of mdependent reference works 
has been revised and brought up to date. The citations to the lit- 
erature, collected under the heading References, have been selected 
with discrimination and will ibe indispensable to mineralogists. 
Under this heading are also given concise discussions of disputed 
points, notes on recorded data not in agreement with those accepted, 
previously unpublished data and much similar material of great 
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value. The index, key to the usability of any compilation, is com- 
plete and accurate. 

The publishers, John Wiley and Sons, have celebrated the cen- 
tennial of their first connection with Dana by producing a volume 
of fine appearance despite the restrictions and difficulties caused by 
the war. The type is clear and easy to read. The paper is of 
good quality. War-time restrictions are reflected in the narrow 
margms and the close spacing of lines, which make it difficult to 
insert new data or to correct misprints. The latter are fortunately 
minor and will be easily corrected in the next printing. 

Because the Seventh Edition will, like the Sixth, be the “min- 
eralogists’ Bible” for many years, it is of interest to note the 
changes in overall emphasis that are particularly noticeable. As 
might have been expected, the present-day conceptions of crystal- 
chemistry are fundamental in the presentation. The trend towards 
specialization is reflected, particularly in the presentation of crystal- 
lographic data. Perhaps most important of all is the emphasis on 
genetic mineralogy, which is in accord with the growing interest in 
minerals, not solely as independent entities, but also as parts of 
the assemblages in which they occur. 

Volume I has special significance as a living memorial to Harry 
Berman, whose tragic death while engaged in war work occurred 
only a few weeks after the publication of the first part of the 
great work be and his colleagues had undertaken. His skill, energy 
and devoted persistence played a major part in the completion of 
Volume I, and his death is a staggering loss. All will join in the 
hope that Professor Palache and Doctor Frondel may soon be able 
to resume their work on the System and carry it through to 
completion. 

MICHAEL FLEISCHEH. 

PUBLICATIONS RECENTLY RECEIVED. 

Washington Geological Survey Reports of Investigations as follows; No 
7. Character and Tonnage of the Turk Magnesite Deposit; by W A. G 
Bennett; price $26 No 8. The Buckhorn Iron Deposits of Okanogan 
County, Washington; by W. A. Broughton; price $26 No 9 Inventory 
of Mineral Properties in Chelan County, Washington; by M. T Hunt- 
tmg; price $25. No. 10. The Blewett Iron Deposit Chelan County, Wash- 
ington; by W. A Broughton; price $26. No. 11 Stratigraphic Aspects 
of the Blewett-Cle Elum Iron Ore Zone Chelan and Kittitas Counties. 
Washington; by R L Lupher; price $26. No. 12. Economic Aspects 
of the Blewett-Cle Elum Iron Ore Zone Chelan and Kittitas Counties, 
Washington; by W. A. Broughton, price $25. No. 13. Dolomite 
Resources of Washington. Part I. Preliminary Report on Okanogan, 
Lincoln, and Stevens Counties , by W. A. G. Bennett ; price $.26, Pullman 
1944. 
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FOREWORD. 

(To THE Symposium on Loess^ 1944.) 

S OIL and water are the two most important natural 
resources of the agricultural state of Nebraska and the 
adjacent territory. Hence the selection of Loess from which 
most Nebraska soils are derived as a topic for a Symposium 
at the Earth Science Section of the Nebraska Academy of 
Science in 1944, under the co-chairmanship of C. B. Schultz 
and M. K. Elias. — 

The organization of the Symposium on loess provided an 
opportunity for an invitation of out-of-state scientists for the 
purpose of a more complete review and discussion of the Loess 
problems. It was also a gesture of appreciation of their 
work and of the willingness for cooperative researches by the 
Nebraska scientists. Thus we secured participation of the 
following colleagues : Kirk Bryan of Harvard University, who 
studied for many years the Pleistocene and late Tertiary 
physiography and geology of both southern and northern ends 
of the eastern slopes of the Rocky Mountains in the United 
States ; J ohn C. Frye, Assistant State Geologist of Kansas ; and 
Miss Ada Swineford, graduate of the University of Chicago 
and member of the Kansas Geological Survey. The coming to 
the meeting of these, as well as other Kansas geologists and 
paleontologists resulted not only in profitable discussions on 
loess at and outside the meeting, but also strengthened friendly 
cooperation and helped understanding and formulation of the 
current problems involved in the study of the whole province 
of the eastern slope of the Rocky Mountains and the adjacent 
plains. 

The importance of international cooperation in scientific 
studies was acknowledged by invitation of V. A. Obruchev, the 
leading European specialist on Loess and academician of the 
Academy of Sciences of the USSR. The Russian Ambassador, 
Andrey Gromyko, promptly forwarded the invitation to Mos- 
cow and Obruchev responded to it by sending a 1400 word 
paper cablegrammed to Elias at Lincoln, by the Russian 
Society of Cultural Relations at Moscow. 

Am JoTja. Sci.— Vot. 243, No 5, Max, 1945. 
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The following papers were read at the meeting : 

1. Loess and Its Economiic Importance, by M, K. Elias. 

2. Pleistocene Loess Deposits of the Great Plains, by C B. 
Schultz and T. M. Stoult. 

3. Glacial versus Desert Origin of Loess, by Kirk Bryan. 

I'. Mechanical Analysis of Wind-blown Dust and of Loess, by 
Ada Swineford and John C. Frye. 

5 Accumulation of Dust in RelatiO'n to Herbaceous Vegetation, 
by J. E. Weaver. 

6. Need of Further Researches on Loess, by G E. Condra. 

7. Loess Types and Their Origin, by V. A. Obruchev. 

8 Significance of Loess in Classification of Soils, by James 
Thorp. 

9. Sequence of Soil Profiles in Loess, by B. H. Williams. 

10. Infiltration into Certain Loess Soils, by F. L. Duley. 

11. Characteristics and Uses of Loess in Highway Construction, 
by R. E. Bollen. 

12. Observations on the Properties of Loess in Engineering Struc- 
tures, by W. I. Watkins. 

The discussions which followed presentations of the papers 
of the Symposium were recorded at the meeting by stenog- 
raphers. After being edited and submitted for approval to 
their respective authors, their final texts are here being added 
at the end of the papers to which they largely or entirely 
pertain. 

Although the Symposium has not been organized for the 
explicit purpose of solving one way or another the problem of 
loess origin, all contributors expressed or indicated their 
adherence to the eolian theory, and the discussions were devoted 
chiefly to evaluation of the proibable sources of dust, and the 
mechanism of its accumulation m formation of loess. The 
intimate relationship between geological and pedological pro- 
cesses which are involved in the origin of loess were clearly 
recognized by all, and indebtedness to both geologists and soil 
scientists for understanding of loess and its properties, which 
are so necessary for its utilization in engineering constructions, 
was acknowledged in contributions devoted to its economic use. 

The need for further researches on loess and the character 
of problems involved have been discussed, and some plans for 
their organization were formulated at the Meeting and sub- 
sequent to it. 


M. K. ELIAS. 



LOESS AND ITS ECONOMIC IMPORTANCE. 

M. K. ELIAS. 

ABSTRACT The purpose of the symposium on loess is to present the 
status of our knowledge on it, particularly in regard to Nebraska 

Fertility of loess, because of which it is frequently miscalled soil, is 
its most valuable property for mankind. The principal wheat producing 
regions of the world roughly coincide with the areas of distribution of 
tbig “golden earth” of agriculture Where it mantles the ground the 
loess and the soils developed from it are the principal or, frequently, the 
only readily available material for roads, dams, and other engineering 
constructions. 

In spite of many published studies on loess much remains to be learned 
about its origin, distribution, and best utilization. 

T his symposium on loess has for its purpose the taking 
stock of the present knowledge of loess, its origin, and dis- 
tnhution, its relation to the sO'ils, and its use in engineering 
construction. 

In the genesis of loess some soil processes must have played 
a part, because in the course of its accumulation the surfaces 
of the successive layers were exposed to atmospheric agents, 
until covered and buried under succeeding layers deposited 
upon them. On the other hand, on the subsequently exposed 
surfaces of loess the modern soils have been developed. 

In Nebraska loess and loess-like deposits are by far the 
most widespread among the outcropping formations and the 
nchest soils of the state are those developed from loess. In 
many parts of the state loess is the only readily available 
natural material for construction of roads and earth dams. 

Ever since the thick deposits of loess originated they have 
been subject to erosion and redeposition by water and wind. 
Great quantities of washed-out loess were carried by running 
waters, and the suspended particles were dropped in back- 
waters along the valleys, where they, together with other sed- 
iments, built the fertile bottom lands. 

Along the higher slopes of the valleys quantities of loess were 
sometimes gradually and sometimes suddenly slumping from 
liigher to lower elevations, and thick loess muds were also 
creeping down. On their way down they were occasionally 
mixed with variable rock fragments. The vaUey-slope loess, 
thus redeposited, frequently shows rough stratification due to 
the interbedded layers in which it is mixed with rubble and 
other debris. 
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Some geologists and civil engineers refer to loess as soil. 
Strictly speaking this is erroneous hecause the true loess is 
hut mother-rock on which soil is developed. However, typical 
loess is comparable to the good, productive soils in its earthy 
constitution, friability, porosity, and fertility. Loess is made 
of pulverized rocks, a ready made natural fine-grained mixture 
which has friability and porosity comparable to that in soils, 
and contains most of the soluble mineral compounds essential 
for growth of grains and other staple crops. 

If all the black humus top zones of our tillable loess-soils 
were stripped from them, for instance by an extremely exten- 
sive blowout due to drought, and the primeval yellow loess 
under them exposed throughout our land — it could be put to 
tillage at once, and would probably produce a normal crop 
and, in some cases, where the top soil is impoverished, even 
better than normal crop, providing there would be sufficient 
amount of moisture in the ground. This statement should not 
be understood as minimizing the importance of erosion control 
of soils and of agronomic practices aimed at maintenances and 
improvement of its fertihty,— the importance of these cannot 
be over-emphasized. 

Typical loess contains an average of about 20 per cent of 
feldspar in a more or less advanced stage of decomposition. 
Trom this mineral the elements calcium, sodium and potassium 
are liberated in the form of soluble salts. Iron, manganese, 
phosphorous and other elements needed for plant growth are 
also liberated in form of soluble salts as a result of the decom- 
position of hornblende, apatite, and other minerals present. 
Because the smaller the grain the larger its surface in relation 
to bulk, the fine-grained minerals in loess yield their elements 
to water solution, and through it to plant roots, in proportion- 
ally greater amount than when the same minerals occur in 
coarser grains, as in sands or gravels. In surficial portions 
of loess the soluble minerals are being gradually removed, in 
part being taken by roots of plants, and in part being carried 
away by circulating water. The remaining salts are rendered 
less accessible for further solution because the alumosilicates, 
which are not soluble, tend to cover the surfaces of loess grains 
and also clog the passage ways between them. Thus loess 
deteriorates and gradually loses its original fertility and fri- 
ability which is so valuable for crop production. On the other 
hand, as engineers find, the loess which has lost part of its 
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origiiial porosity and reached greater compactness 'becomes 
better material for roads and other engineering structures. 

There seems to be no doubt that it is loess -with its fine- 
grained, friable structure, and with its fertility, that is the 
main factor in making our land most suitable for many crops. 
Hence it is the source of our agricultural richness. They 
often call petroleum “black gold** for the wealth which it brings 
to the nation. The humble “yellow dirt,” as loess is called by 
farmers, which by its productivity is fundamental to our exist- 
ence could be called with still greater propriety the golden earth 
of agriculture. 

World distribution of loess and loess-like deposits, in large 
part closely associated with glacial drift deposits, coincide with 
the large wheat-producing areas of the world The wheat and 
com belts of the Hnited States are coextensive with the areas 
underlain by loess and the “highly calcareous glacial accumula- 
tions.” Wheat is grown on the soils developed from loess in 
Kansas, the leading wheat producing state, and in the other 
loess states, such as Nebraska, Illinois and Missouri; the 
corn of the leading com producing state of Iowa grows on soils 
developed from loess. Marbut’s (1930) “highly calcareous 
drift’* zone covers the rest of the leading wheat and corn pro- 
ducing states: Montana, North and South Dakota, Minnesota, 
Indiana and Ohio. The isolated highly productive wheat 
region of Washington, Oregon and Idaho is coextensive with 
the loess deposits of the Columbia Plateau, and the extreme 
southwestern extension of the “hard winter wheat region” of 
the Mid-West in Oklahoma, Texas and New Mexico is located 
on patches of loess in the High Plains region (not shown on 
Marbut*s generalized map). 

A similar correlation of principal wheat producing areas 
and loess distribution holds tme the world over. In Russia the 
wheat of the Ukraine and lower Volga River region is on the 
cheraozem-capped loess (see Obmchev’s account of loess dis- 
tribution in tills symposium) . The bread-^basket of the ancient 
world, the wheat-producang central-A'siatic possessions of Rus- 
sia, has much loess-derived soil. Here the virgin loess of the 
foothills of the huge mountain-chains is, in some places, put- 
posely washed by man down into the valleys to produce an 
artificial veneer of “soil” for better crop production. The wheat 
of Argentina comes from the great region of loess distribution 
in South America (Hobbs, 1943, fig. 16, on p. 298), and the 
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wheat of North Africa is grown on loess-covered regions. Only 
China’s great masses of loess deposats are not used for wheat 
production, hut rice and other staple oriental grains are raised 
there. 

In contrast with soil developed from the inexhaustible amount 
of golden earth of the northern Mid-West, the soils, which have 
but little loess material and were formed under the forest belt 
east of the Great Plains, are frequently thin and irreplaceable. 
While these soils produced wonderful crops for the pioneer 
farmer, who cleared the forest and tilled the land thus made 
available, they did not continue to produce in abundance and 
were nearly exhausted within a few generations, becoming poor 
land unable to support the living progeny of the once pros- 
perous pioneers. 

Some economists in the east, who were alarmed by the dust 
storms of the middle west, suggested abandonment of tillage 
in western prairies and the turning of most land to moderate 
grazing. While reasonable precautions to safeguard against 
erosion and blowouts are essential for conservation and proper 
utilization of the land, general condemnation of dry farming in 
these areas is unreasonable. Instead, as the experience of our 
tenacious and progressive farmers show, dry farming com- 
bined with irrigation from rivers and creeks, and from shallow 
and deeper wells, assures continuous production of valuable 
crops in the drier parts of the Mid-West. Large scale wheat 
raising produces and will produce most of our bread. Com- 
pared with other parts of our country it is the northern part 
of the Mid-West, where the inexhaustible golden earth is located 
and wdiere it is possible to maintain production of wheat, com, 
potatoes and other fundamental foods for many generations to 
come, safeguarding a noimal supply of these essentials of 
life for our own nation, as well as an emergency surplus for 
the rest of the world. 

Refebencscs 

Hobbs, W. H : 1943 Wind and Soil. Scientific Monthly, pp 289-SOO, 
17 figs. 

Marbut, C F 1986. Map of “Distribution of parent materials of soils” 
(1931), opposite p. 17, Atlas of American Agriculture, part 3, 
Soils of the United States, by C. F Marbut. Published by the 
U. S Department of Agriculture, Washington, D. C. 
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PLEISTOCENE^ LOESS DEPOSITS OF 
NEBRASKA. 

C. BERTRAND SCHULTZ and THOMPSON M. STOUT. 

ABSTRACT Four important loess^ are recognized in the Pleistocene of 
Nebraska The stratigraphy of the Pleistocene sediments is reviewed with 
emphasis on the placement of loess deposits in relation to marl and peat 
beds, buried soils, and terrace sequences. A climatic interpretation is 
based upon a terrace cycle concept in which loess is regarded as a product 
of drought and soil a result of relatively humid conditions. 

The Broadwater formation is described as early Pleistocene in age and 
consisting of three parts, a basal and upper gravel deposit separated by 
finer textural sediments (the Lisco member) A loess-like silt appears 
in the Lisco member. A very late Pleistocene loess, the Bignell forma- 
tion, is named 

INTRODUCTION. 

T he four principal loess deposits in the Pleistocene of 
Nebraska and adjacent states are listed, in order of deposi- 
tion, as follows’ 

(1) Medial Pleistocene yellowish gray loess (perhaps part of 
the Upland formation) ; fossiliferous and well exposed near Angus, 
in Nuckolls County, Nebraska. This is also recognized in the 
Hay Springs-Rushville-Gordon collecting area, Sheridan County, 
Nebraska 

(2) Medial Pleistocene reddish buff loess (the Loveland forma- 
tion) j recognized throughout Nebraska and adjacent states; trace- 
able from the t3rpe locality at Loveland, Iowa. The thick soil of 
the Citellus Zone is developed on top of the Loveland loess. A 
valley phase of the Loveland is rather well known. 

(3) Late Pleistocene yellowish gray loess (the “Peorian” for- 
mation) ; recognized throughout Nebraska and states to the east; 
traceable from the Illinois type area to western Nebraska. The 
thick Citellus Zone soil occurs at its base, grading upward into the 
“Peorian” loess. A valley phase of the Peorian, which is usually 
unconformable on the Loveland, is also known. The erosional inter- 
val seems to have occurred principally after the main part of the 
Citellus Zone soil had been developed. 

(4) Very late Pleistocene gray loess (the Bignell formation, 
new) ; well exposed near Bignell, Lincoln County, Nebraska, where 
it is separated from the “Peorian” loess by a well-defined soil. 

Early Pleistocene loess-like silts (part of the LiscO' member 
of the Broadwater formation, both new) are well developed 

^All deposits which are post-OgallaJa m age are considered as Pleis- 
tocene in this paper 
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along the north side of the No.rth Platte River in Garden and 
Morrill counties, Nebraska. 

Each of the five deposits mentioned above seems to represent 
an important event in the Pleastocene history of the Great 
Plains, and each apparently has had a similar position within 
the Pleistocene sedimentary cycles of this region. The dis- 
cussion which follows wiill briefly relate the loess deposits to the 
more general stratigraphic and faunal record, after which a 
broad interpretation of the loess in relation to soils, cutting- 
cycles, and cHmiate will be attempted. 

Emphasis is placed upon the terrace and terrace-fill sequences 
on the North Platte, South Platte, Platte, Niobrara, White, 
and Republdcaii rivers. The terraces are not necessarily 
equivalent in all drainages, but nevertheless seem to be regional 
in their development. They are numbered in order from 
the water level upward, with the normal flood-plain designated 
as T®, the first terrace as T^, etc. This nomenclature implies 
the correlation of terraces between the various river valleys and 
their tributaries in the western Nebraska area. Regional cli- 
matic and possibly tectonic controls known to have been oper- 
ating throughout the Cenozoic history of the Great Plains, 
appear to have been contiubuting factors to this widespread 
terrace development, 

nOWEE PLEISTOCENE DEPOSITS. 

The oldest known Pleistocene deposits in Nebraska do not 
contain a true loess, but a loess-lake silt does occur in western 
Nebraska along the north side of the North Platte River, from 
near Lisco in Garden County to near Bayard in Morrill County. 
This loessdike silt is a part of the Lisco member of the Broad- 
water formation (both new). 

The term “Broadwater formation” is proposed here for sed- 
iments of early Pleistocene age, particularly well exposed in 
the vicinity of Broadwater and Lisco, in Morrill and Garden 
counties, Nebraska, where it has been intensively studied. 
These sediments have yielded the largest known collection of 
early Pleistocene mammalian remains^ yet discovered on this 
continent. The type locality of the Broadwater formation, 

® Barbour, Erwin H , and Schultz, C. Bertrand: 1987, An early Pleis- 
tocene fauna from Nebraska; Amer. Mns. Novitates, No 943, pp 1-10. 

Schultz, C. Bertrand, and Stout, Thompson M.: 1941, Guide for a field 
conference on the Tertiary and Pleistocene of Nebraska; Special Publ., 
Uni. Nebr. State Museum, pp 13, 27, Figs 3-4, Table 8. 
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and of the Lisco member, is at the Broadwater Locality A of 
the University of Nebraska State Museum (Locality 1, Text 
Fig. 1), where the most important fossil quarries occur, m 



Text Fig. 1. Map of Nebraska showing localities mentioned in the text, 
except for Locality 21 which is the Fremont section, representative for the 
glaciated region {see Lngn, 1986). 
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secs. 20 and 21, T. 19 N., R. 47 W., Morrill County, Nebraska. 
Here the stratigraphy is relatively simple (Text Fig. 2). The 
Ogallala sediments were rather deeply eroded, probably by an 
ancestral North Platte River, and then the alluvial deposits, 
v''hich constitute the Broadwater formation, were deposited in 
the following order (Text Fig. 2) : 

(1) Basal gravel member, composed of reddish brown “crystal- 
line” gravels. 

(2) Lisco member, defined as including all sediments between 
the basal and upper gravel members, but consisting here of diato- 
maceous marl and peat, with sand and silt lenses. 

(3) Upper gravel member, similar in every way to the basal 
gravel member 


A section measured at the type locality of the Broadwater 


formation, at Broadwater Locality A, Quarry 1. 

, in NE. 1/4, 

sec. 20, T. 19 N., R. 47 W , Morrill County, 
given below: 

Nebraska is 

Broadwater formation 

Feet 

7. Upper gravel member . 

10-15 

6 Sand, fine buff gray 

26 

5. Silt and fine sand, light gray 

4. Diatomaceous marl, relatively pure to impure, 

15 

with sand lenses , fossils . 

0 6-15 

3. Peat, chocolate-brown, impure; mam bone layer 

2. Sand, fine greenish gray, with occasional peb- 

04 

bles . 

30 

1. Basal gravel member 

46 


Beds 3 and 4 have produced most of the splendid collection 
of Pleistocene fossils from the Broadwater Locality A. The 
mammals include Stegomastodon (mastodont) ; Camelops 
(camel) ; Tanupolama (llama) ; Platygonus (peccary) ; Pie- 
sippus (primitive Blanco-type horse) ; Nannipus (holdover Pli- 
ocene horse) ; Mylodmi (sloth) ; Geomys (gopher) ; Procasto- 
roides (ancestral giant beaver) ; Smilodon (saber-tooth tiger) ; 
Borophagus (holdover Pliocene wolf) ; Canis (coyote) ; Sath- 
erimrt (otter) ; and others. Abundant frog remains supplement 
the evidence from the mammals and lithology tO' demonstrate 
the stream-side nature of the deposit. 

To the east, at LiscO' Locality A (Locality 2, Text Fig. 1), 
a loess-like silt facies is exceedingly well developed as a part 
of the liisco member. The loess-like silt at this locality (PI. 1, 
Fig. 1) is roughly contemporaneous with the diatomaceous marl 
and peat, beds 3 and 4 of the Broadwater Locality A, since 
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Text Fig 2 Terrace sequences along the North Platte River near 
Scottsbluffj Broachvater, and Lisco, Nebraska. T°, T^, T=, T®, T*, and T® 
are successive terraces in order of vertical distance from present river 
(water) level. The figures at the right of the Broadwater-Lisco terraces 
designate the number of feet above sea level, while those at the right of 
the ScottsblufF terraces are above North Platte River (water) level 
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both facies are situated between the two , gravel members. 
Alluvial and colluvial silts and sands also' are locally contained 
within the Lisco member, as at Lisco Locality C. 

A few of the same mammals found at Broadwater Locality A 
are encountered in the quarry sites in the loess-like silt and 
other deposits at Lisco Localities A, B, and C, but the most 
common and characteristic form is the giant camel, Giganto-^ 
camelus fricki Barbour and Schultz.® Only a few scraps sug- 
gest the presence of this giant camelid in the Broadwater Local- 
ity A. The other mammals found in the Lisco loess and asso- 
ciated sediments suggest an upland habitat, in contrast to the 
s^treamside habitat sampled in the Broadwater quarry sites. 

The Broadwater formation is traceable in almost continuous 
outcrop as far east as the headwaters of Blue Creek (Locality 
3, Text Fig. 1) in Garden County, Nebraska. The Lisco 
member throughout its area of known outcrop has a definite 
physiographic development, which is a prominent vegetation 
line predominated by Yucca. This is produced by ground 
water working down through the pervious upper gravel mem- 
ber until it reaches the compact fine textured Lisco member 
sediments, thus producing a moist, soft zone favorable for 
plant growth. 

To the west, the Broadwater formation has been found to be 
the same (Text Fig. 2) as the Terrace Hills of C. L. Dow.'* 
The loess-like silts have been recognized east of Northport and 
southwest of Angora in Morrill County. 

Probable equivalents of the Broadwater formation have been 
recognized by the writers in the following localities : (1) in the 
divide between the North Platte and South Platte rivers, 
exposed in the Paxton Cut, north of Paxton, Keith County, 
Nebraska (Locality 5, Text Fig. 1) ; (2) in the South Platte 
River drainage, on the east side of Walrath Draw® east of 
Chappell, Deuel County, Nebraska (Locality 4, Text Fig. 1) ; 
and (3) in the Niobrara River drainage north (Sand Draw®) 

» Barbour, Erwin H., and Schultz, C. Bertrand; 1939, A new giant 
camel, Giffantoccmeliis fricki, gen. et sp. nov.j Bull. Uni. Nebr. State 
Museum, 2, No. 2, pp. 17-27. 

* Lugn, A. L.: 1935, The Pleistocene geology of Nebraska; Nebr. Geol. 
Survey, Bull. 10, 2nd Series, pp. 168-172. 

® A loess-like silt with concretions, correlated as the Lisco member, is 
exposed here between a basal and upper gravel sheet. Similar concre- 
tions also are exposed at the type locality of the Lisco member. 

•McGrew, Paul O.i 1944. An early Pleistocene (Blancan) fauna from 
Nebraska; Field Museum Nat. Hist., Geol. Series, 9, No. 2, pp. 83-66. 
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and nortiiea&t {Stegomastodon Quarry of Os'bom'^) of Ains- 
worth, Brown County, Nebraska (Locality 6, Text Tig. 1). 

MIDDLE PLEISTOCENE DEPOSITS. 

A very rich collection of fossil mammals® has been accumu- 
lated over a period of years by the University of Nebraska 
State Museum and other institutions from the middle Pleisto- 
cene deposits south of Hay Springs (Locality 7, Text Tig. 1), 
Rushville (Locality 8, Text Tig. 1), Gordon (LocaKty 9, Text 
Tig. 1), and Mullen (Locality 10, Text Tig. 1), in Sheridan 
and Cherry counties, Nebraska. 

The chief fossiliferous beds of the Sheridan County deposits 
consist of fine sand and some gravel, situated both below and 
above a prominent, fossiliferous, diatomaceous marl and peat 
bed, overlain by volcanic ash and Loveland and later loesses. 
These sediments comprise the fill and mantle of the 250-300 
foot or high terrace (T^) of the Niobrara River. Lugn® 
refers the pre-Loveland sediments of the fill to the Upland 
formation. 

In eastern Nebraska there are several localities in which 
there are sediments probably equivalent to those of the Hay 
Springs-Rushville-Gordon quarry deposits. One is southwest 
of Milford, Seward County, Nebraska (Locality 11, Text Tig. 
1), where the type specimen of Mastodon moodiei Barbour^® 
was collected. At this site the fossiliferous zone is overlain 
in succession by diatomaceous marl and peat, sand, volcanic 
ash, and Loveland loess. Southwest of Angus in the SW. % 
of the NT. sec. 33, T. 4 N., R. 6 W., Nuckolls County, 
Nebrfiska, there is an important fossiliferous middle Pleisto- 
cene loess which may be a part of the Upland formation 
described by A. L. Lugn.^^ The loess has a well developed 
soil upon it and must be considered as pre-Loveland since there 
is typical Loveland loess above the soil (Locality 12, Text 
Tig. 1). 

The middle Pleistocene volcanic ash deposits of the Great 
Plains seem to be of extreme importance in correlation. These 

’Osborn, Henry Fairfield: 1936, Proboscidea, Vol. I; American Museum 
Press, pp. 726-'!’28. 

® Schultz, C, Bertrand, and Stout, Thompson M.; 194il, op. cit .5 pp. 88-44, 
Fig. 14, Table 4 (faimal lists). 

®Lugn, A. L • 1936, op. cit.; p. 127. 

Barbour, Erwm H.: 1931, The Milford mastodon. Mastodon moodieij 
sp. nov ; Bull Nebr. State Museum, 1 , No. 24, pp. 208-210. 

’^Lugn, A. L.: 1935, op. cit ; pp. 119-127. 
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are widely distrit)uted in southern, central, and eastern 
Nebraska,^ and in northern Kansas. The ash has been studied 
by the writers m western Iowa only a short distance north of the 
Loveland type section (Locality 13, Text Fig. 1) in several 
gravel pits which constitute the “County-line exposures” of 
Iowa geologists, near Little Sioux, in the NE. sec. 5, T. 
81 N., R. 4)7 W., Harrison County, Iowa (Locality 14, Text 
Fig. 1). In these gravel pits, cross-bedded sands and gravels 
occur below the volcanic ash, with a sandy to loess-like silt 
situated between the sand and the ash.^® The Loveland loess 
lies above the volcanic ash, but the sands and gravels, associated 
silts, and ash are included also in the Loveland formation by 
the Iowa geologists.^^ 

The Pleistocene volcanic ash has a maximum thickness of 
about 50 feet^® near Eustis, in Frontier County, Nebraska 
(Locality 15, Text Fig 1), where it is overlain by Loveland 
loess, the Citellus Zone soil, and “Pcorian” loess (PI. 1, Fig. 3). 
Lugn*^® places this ash and associated sands and gravels in his 
“valley phase” of the Loveland formation, while a green clay 
and related beds below the ash near Orleans, Nebraska, are 
placed in the Upland formation.^’’’ 

An outcrop of volcanic ash 3.2 miles west and 2.4 miles 
north of Inavale, in the NE. % of the SE. 14» T. 2 N., 

R. 12 W., Webster County, Nebraska (Locality 16, Text Fig. 
1 ) , furnishes important information with regard to the relation 
between the ash and gravel deposits of the Republican River 
region. The volcanic ash bed overlies sand and gravel, which 
throughout this region has been termed Grand Island formation 
by Lugn,^® and the ash is overlain by nearly 15 feet of sand 
and gravel, capped by Loveland loess. The upper gravels 
have been confused previously with the gravels below the ash. 
It is probable that many of the gravels formerly considered as 
Grand Island are in reality Loveland gravels, and the basal 
gravels may belong in part to the Upland formation. 

Another important locality is south of Brady, in the SW. 

Lugn, A. L. : 1935, op. cit. ; pp 132-134' 

^®Kay, George F, and Graham, Jack B.: 1944, The Illinoian and post- 
Illinoiaji Pleistocene Geology of Iowa; Iowa Geol. Survey, Special Report, 
Pt. 2, pp 85-88. 

Kay, George F , and Graham, Jack B.: 1944, op cit ; p. 85. 

^®Lngn, A. L.: 1936, op, cit., p 132. 

^®Lngn, A. L.; 1935, op, cit ; pp 128-134. 

" Lugn, A. L : 1935, op, cit ; pp. 119-127, 134-136. 

^®Lugn, A. L.' 1936, op cit.; pp. 103-119. 
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Text Fig. 3. Terrace development m the loess-canyon area on the south 
side of the Platte River, south of Brady, Lincoln County, Nebraska. X, Y, 
Z, and Z' are successive late Pleistocene-Recent soils m the order of develop- 
ment as indicated. T®, TS T®, and T* are successive terraces in the order 
of vertical distance from the present river (water) level Zones 1, 2, 3, 
etc, near the top of profile A, indicate collecting levels where mvertebrate 
fossils were obtained. 
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1/4, sec. 1, T. 10 N., R. 27 W,, Lincoln County, Nebraska 
(Locality 17, Text Fig. 1), where a lens of volcanic ash, 
which measures up to 11 feet thick, is underlain by 11 feet of 
red Loveland loess and overlain by 35 feet of the same type 
of loess. Above this are four feet of Citellus Zone soil and 
93 feet of “Peorian” and later loess. This outcrop shows that 
Loveland loess may occur below volcanic ash as well as above 
it. Even ^ at the Eustis site, mentioned previously, the vol- 
canic ash seems to interfinger in part into the Loveland loess. 

Much additional study will be necessary to solve some of the 
complex problems with regard to correlation and nomencla- 
ture of these middle Pleistocene deposits. 

UPPER PLEISTOCENE DEPOSITS. 

The study of the late Pleistocene of the Great Plains involves 
an analysis of the loess, soil, and alluvial deposits in relation 
to the terraces. As mentioned previously, the late Pleistocene 
and Recent terraces (T^, T^ T^, T“) appear to be easily 
and rather definitely correlated from one drainage to another 
throughout Nebraska, southwestern South Dakota, western 
Wyoming, and probably the remainder of the Great Plains. 
The fossil mammals have been tied into the terrace sequence, 
and substantiate the correlations based upon other criteria. 

An important area containing upper Pleistocene deposits 
is the great loess area south of the Platte River, southeast 
of North Platte, in Lincoln County, Nebraska (see Text Figs. 
3, 4; PI. 2, Fig, 2). Text Fig. 3 A illustrates the section at 
Bignell Hill (Locality 18, Text Fig. 1), where Loveland fine 
sand is overlain by the CiteUus Zone soil, very thick “Peorian” 
loess, soil X, an upper loess, and a complex top soil. This 
is a representative section for the entire loess-canyon area. 
The Citellus Zone, which includes not only the soils at the top 
of the Loveland but also the transitional few feet of the 

EXPLANATION OP PLATE 1 

Pig. 1. Loess-like silts (Lisco member of Broadwater formation) at 
Lisco Locality A, northeast of Lisco, Garden County, Nebraska (Locality 2 
on map. Text Fig. 1). 

Fig. 2 Fossil quarries in middle Pleistocene deposits, south of Bush- 
ville, Sheridan Coimty, Nebraska (Locabty 8 on map. Text Fig. 1). 

Pig 3. Citellus Zone soil (S) with yellowish gray “Peorian’’ loess above 
and reddish buff Loveland loess below. The soil is approximately flve feet 
thick in this area southwest of Eustis, Frontier County, Nebraska (L<ocality 
16 on map. Text Fig. 1). Volcanic ash is exposed below the Loveland 
loess and is visible at the base of the picture. 
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Fig. 1. 

CtteUus Zone soil (S) with “Peorian” loess above and Loveland loess below, 
northeast of Cowles, Webster County, Nebraska (Locality 20 on map. Text 
Fig 1). A layer of gravel is exposed at the base of the bluff below the Loveland 
loess. 
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“Peorian” loess, is quite fossiKferous. Observations by the 
. writers in 1934, and confirmed in later seasons of work here, 
demonstrate that most of the fossil mammal remains from 
this area are derived fr-ora this faunal zone.^® The most spec- 
tacular form represented is the mammoth ArcMdisJcodon 
maibeni Barbour, a mounted skeleton of which is on display 
in the University of Nebraska State Museum. The Citellus 
^one soil is very widely distributed and can be traced from 
western Iowa through most of Nebraska to northern Kansas, 
eastern Colorado, and Wyoming.^® It is fossiliferous through- 
out much of the area. 

The Bignell Hill section (Text Fag. 3A) has been selected 
as the type section for the Bignell formation (new), because 
the upper loess here is definitely separated from the “Peorian” 
loess by a prominent soil (soil X of Text Fig. 3A) and over- 
lain by a complex top soil. The type locality is 1.7 miles due 
south of Bignell, southeast of North Platte, in the E. ^ of 
the E. y 2 i sec. 3, T. 12 N., R. 29 W., Lincoln County, 
Nebraska. The writers believe that the recognition of this 
late Pleistocene loess will simplify later studies of the terrace 
soil, and loess deposits of the Great Plains. As suggested in 
Text Fig. 3, there appear to be extensive alluvial deposits in 
the loess-canyon area of Lincoln County, Nebraska, which 
also are contained within the Bignell formation. 

Text Fig. 3B is a schematic (not to scale) representation of 
the terraces in relation to soils and related deposits in the 
loess-oanyon area, restored as though each period of cutting 
removed only part of the preceding fill and soil deposit. 
Another method of representation is used in Text Fig. 4. 

Text Fig. 3C is a section (scale as indicated in Text Fig. 
3D) at the Jeffrey Canyon Power House excavation, south of 
Brady, Nebraska (Locality 19, Text Fig. 1) showing transi- 
tional upland-valley sediments. 

Text Fig. 3D is a section (scale as indicated) from the 
bridge across the Jeffrey Canyon Canal south of Brady along 
the canal excavation for 1483 yds. toward the locality illustrated 

Schultz, C. Bertrand- 1934, The Geology and Mammalian Fauna of 
the Pleistocene of Nebraska; Bull. Nebr State Museum, 1, No 41, Pt 2, 
pp. 369-360. 

The writers are preparing a report for publication in 1945 on the 
fauna of the Citellm Zone The stratigraphic work and correlation of 
this zone have been done in cooperation with the Nebraska Geolog.cal Sur- 
vey. A name will be applied to the Citellvs Zone soil. 

Am. Jour Sci — Von. 243, No 5, Mat, 1946 
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Text Fig. 4. The sequence of events of terrace development in the 
loess-canyon area in Lincoln County, Nebraska, and the concept of a Ter- 
race Cycle. See Text Fig 3, 
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in Text Fig. 3C. This is an interpretation of the exposed 
section fhrough the first terrace above the flood-plain (T^) 
of the Platte Kiver. 

The terraces recognized in the Lincoln County loess-canyon 
area are correlated tentatively with the terraces up the North 
Platte River from Lisco to Scottsbluff (see Text Fig. 2). The 


Suggested Correlations of Pleistocene Sedimentation Cycles in 
Nebraska and Adjacent Areas. 


Standard®^ 


Supposed Cycles 
in relation to Terraces 


Faunas 


Present events 


W4=Cochrane 


W3”Mankato 


Two Creeks Forest 
Bed 

W2= Tazewell-Cary 


"Peorian” 
Wl= Iowan 


Sangamon 

Illinoian 


Yarmouth 

Kansan 


Aftonian 


Nebraskan 


Cycle D or present cycle 

— T® “flood plain— 

Soil Z' Cycle C 

-T"- (“Kuner?)**- 


SoilZ 
Cycle B 


T* (=Kersey?)- 

SoilY 

Cycle A (Bignell loess) 


Present-day fauna 


T»(“Pleasant Valley?) 


Faunas associated with 
buned hearth sites in T^ 


EXTINCTION 

VEET LATE PLEISTOCENE ' 

(faunas associated 
with Yuma-Folsom complex) 


SoilX 


"Peorian” Cycle Complex 


^Erosion — 

CtteUiwZoneSoO 

Loveland Cycle 


-T*- 


Soil 

Upland Cyde Complex 
^^0 


Broadwater Cyde Complex ( ?) 


LATE PLEISTOCENE 

{Citelliis Zone fauna) 


IIEDIAL PLEISTOCENE 

(Hay Springs-Rushville- 
Gordon quarry sites, etc ) 


EAALT PLEISTOCENE 

(Broadwater-Lisco quarnes, etc.)* 


®* Wisconsin subdivision and terrace names withm brackets axe from Bryan, Kirks 1941, 
Correlation of the deposits of Sandia Cave, New Mexico, with gladal chronology? Smith- 
sonian Misc. Collections, 99, No. 23, pp 45-64 Also Bryan, Kirk and Ray, Louis L : 1940, 
Geologic antiquity of the Lmdenmeier Site m Colorado; Smithsonian Misc. Collections, 99, 
No. 2, pp. 36-69. 

**The exact age of the sediments in the Broadwater-Lisco quarries is in question. They 
may be as old as early Nebraskan or as late as Aftonian. The Blanco deposits of Texas appear 
to be equivalent, at least in large part 
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Scotts'bluif Bison Quarry^^ without question occurs within the 
terrace, in sediments correlated with the Bignell formation. 
Mammoth remains found east of Scottsblulf (Text Fig. 2) 
also occur in this terrace. 

In the drainages of the White and Cheyenne rivers in Sioux 
and Dawes counties, Nebraska, there are terraces which appear 
to correspond to the T^, T^, T® of the Platte River valley. 
The faunas of the T^ terraces of both areas are the same, with 
Bison antiqims taylori occurring most frequently. Yuma and 
Folsom artifacts also occur m this terrace (Locality 22, Text 
Fag. i). The late Pleistocene extinction of many of the import- 
ant large mammals appears to have occurred during the time of 
the basal fill of T^. 
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GLACIAL VERSUS DESERT ORIGIN OF 

LOESS. 

KIRK BRYAN. 

ABSTRACT The mam source of loess is the outwash of glacial rivers 
pulverized by frost action. The mam areas of its deposition were marginal 
to the region most affected by the glacial born anticyclomc wmds combined 
with prevailing westerlies Steppe loess has its source in the adjacent 
deserts. The structural similarities in loesses of different origin are due 
to secondary processes induced by grass vegetation. 

Flood plains of Nebraska rivers, which m Pleistocene time were over- 
loaded, glacial-fed streams, were the source of the loess in the State 

T he formation and deposition of wind~borne and wind- 
deposited silt (loess) is a complex process requiring (1) 
source of silt; (2) adequate winds blowing predominantly or 
in net effect from one direction; (3) an adequate place for 
deposition. This relatively simple chain of thought leads to 
the conclusion that the flood-ravished outwash plains of glacial 
rivers made pulverent by frost action form ideal sources of 
silt. To a lesser extent recently uncovered till plains kept 
free of vegetation by frost action are also sources. The out- 
blowing or anticyclonic winds of glacial ice masses are com- 
bined with the prevailing westerlies to form a system of favor- 
able winds. Places of deposition occur in the tundra-forest 
border which in middle latitudes once surrounded the Pleistocene 
ice sheets. Excessive frost-action in these areas was, however, a 
factor in the removal of wind-bome silt as fast as it was 
deposited. Large bodies of loess are therefore largely pre- 
served in areas somewhat more marginal to the region most 
affected by the anticyclonic winds. 

The secondary changes in the wmd-borne silt give the mate- 
rial its buff color, vertical structure, and in part its calcareous 
content. These characteristics are induced by the edaphic 
effect of grass cover which tends to develop on silt in a zone 
which is generally forested. Loess of glacial origin thus 
resembles in its secondary features the loess of the steppe zones 
surrounding desert areas. However, production of dust in 
deserts is inhibited by the formation of the desert pavement and 
also by the lack of wind. Only the great trade-wind deserts 
have strong winds blowing consistently or dominantly in one 
direction. Thus the Sahara produces dust which is deposited 
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to the South in the Sudan and also on the west in the “Dark 
Sea” off the shores of Mauretania. Some deserts like that of 
Chile are, because of calm air, depositories of dust. 

In Nebraska the relative influence of glacial and desert 
sources is acute. It should, however, be borne in mind that 
the Platte and Missouri Rivers and all their Rocky Mountain 
tributaries, were in Pleistocene time overloaded, glacially-fed 
streams. To the extent that their flood plains are the source 
of Nebraska loess, this loess is essentially a glacial rather than 
a desert loess. 


DISCUSSION. 

Between James Thorp and Kirk Bryan. 

Thobd: 1. Bryan suggests that loess probably has accum- 
ulated most abundantly in periglacial areas. I wonder if we 
could lay a little more stress on the importance of glacial allu- 
vial outwash as a source of the dust, this being, of course, a 
periglacial phenomenon. In many places the alluvial outwash 
plains are obviously a source of much of this dust we see 
accumulated. For example, in Colorado and Wyoming there 
are islands of loess which occur in association with old out- 
wash plains and alluvial fans. On one of the older of these 
alluvial-fan remnants in Star Valley, Wyoming, and on adja- 
cent areas of upland which have not been eroded since the time 
of loess deposition, we find loess deposits and we do not find 
them on the lower levels. We -also find similar islands near 
Jackson, Wyoming, and assume that outwash from the glacier 
of that particular area was the source of the loess. The loess 
is not continuous with the larger deposits farther west. 

2. Great loess accumulations southeast of the Ordos Desert 
in China suggest the desert to be a source of the loess. In 
that vicinity there is no large alluvial plain that could be 
interpreted to be the source. In the .neighborhood of Loyang 
in northern Honan Province, I measured a meter thickness of 
loess over roof tiles, bricks, and other evidences of human 
culture which could not have been older than about 2000 
years. This loess deposit is still accumulating and the dusts 
of which it is made are blown up from adjacent river valleys 
(the Loho and Yellow River). Thick clouds of dust can be 
seen on almost any day from autumn until late spring, borne 
southeastward by the prevalent northwest winds of the winter 
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phase of the monsoon. In the Yangtze Valley in the neighbor- 
hood of Nanking, there are thick deposits of clayey material 
of a slightly reddish or light-brown tint which appear to be 
aeolian in origin. These deposits are closely associated with 
the flood plains (or former flood plains) of eastern China. 
Most of the material is now too strongly weathered to bear 
the name “loess.” Deposits of this type near Nanking are 
known as “Siashu loams.” 

Another deposit of material, aeolian in origin but not loess 
in the true sense of the word, was seen in the Szechuan Basin 
in west China. It occurs on terrace remnants and on adja- 
cent uplands eastward from the Chengtu Plain and elsewhere 
in the Tibetan borderland. 

Bryan: Regarding the importance of recent alluvium as a 
source of loess, two questions arise: 1. V/^hether ordinary 
alluvium in arid regions, which has no connection with the 
glacier, forms a source of loess. In any of the generalizations, 
the exception is always possible and I have no doubt that 
there are places where dust is being accumulated at the present 
time. There are also volcanic dusts being accumulated, some 
of which are mixed with the dusts that are not actually blown 
out of a volcano but are picked up. This occurs in Mexico 
where the origin of this theory began. There are no doubt 
places in China where there is an accumulation of loessial mate- 
rial as of the present day which is not necessarily evidence of 
the origin of the older and thicker deposits. In many parts 
of the world, dust which we see is partly man-induced. There 
probably are exceptions but generally speaking the great 
bodies of loess , are of the past. Are they something which 
comes out of the desert associated with a dry climate or do 
they come out of a desert associated with a glacial deposit? In 
other words, is it not likely that loess deposits from deserts 
may owe their accumulation to periglacial phenomena ? 

Thorp: Do you think that of the loess that accumulated 
during the ice age the greater part came from outwash plains 
or from tiU? 

Bryan : I would say that in Europe and in the eastern United 
States the greater part of the loess was obtained from the out- 
wash but one cannot deny that a till plain might be a favor- 
able place to gather dust. That is being studied at the present 
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time. Relationship of vegetation to frost action is an inter- 
esting point to study in this connection. In Alaska there is 
a contest between the intensity of frost action and the tundra. 
If we can determine how close to the continental ice sheet the 
tundra encroached, we will be able to answer your question. 
Pollen studies will be one means of determining this. They 
will reveal information regarding the status of vegetation upon 
the continental ice. A bare area was present and a large 
tundra area probably went as far south as Missouri and North 
Carolina. 

Geoiogicai, MrsEtrw, 

Habvabs UwiVEasrnr, 

CAMBaiooE, Mass. 



A MECHANICAL ANALYSIS OF WIND- 
BLOWN DUST COMPARED WITH 
ANALYSES OF LOESS. 

ADA SWINEFORD AND JOHN C. FRYE. 

ABSTRACT. A mechanical analysis has been made of wind-blown dust 
collected in September, 1939, from the level of the third floor of the Lake- 
way Hotel, Meade, Kansas Comparisons of this analysis with previously 
published analyses of loess and new analyses of Kansas loess seem to 
demonstrate that wind can be competent to sort material to the degree 
represented by some loess deposits. 


INTEODHCTION. 

R ussell (I 944, pp. 1-40) recently described loess deposits 
along the lower Mississippi valley, discussed at some length 
their possible origin, and concluded that loess is probably of 
fluvial-colluvial origin. His ideas concerning the origin of 
loess diflPer from those held by some geologists. Russell’s paper 
has served to emphasize the fact that the origin of loess is 
not a closed question, and that some deposits that have been 
called loess at different localities may have had different origins. 
The present paper is concerned with only one of the data 
used by Russell in arriving at his theory of the origin of loess, 
namely the degree of sorting of the material. He stated 
(p. 24) that in loess: 

“The sorting appears to be too uniform to be the result of 
direct deposition from a current. It seems improbable that 
either wind or water could move witli the uniform velocity 
required to permit the accumulation of material so homogeneous 
that at least a half and ordinarily about three-fourths of its 
pariticles (by weight) fall within the limited diameter range 
0.01-0.05 mm.” 

During a dust storm of about two hours duration in Septem- 
ber 1939, dust accumulated to an estimated depth of 1/16 
inch on surfaces near open third floor windows in the Lake- 
way Hotel at Meade, Kansas. These windows are about 25 
feet above street level. Frye collected a sample of this dust 
from enameled surfaces which had been cleaned earlier in the 
day, and stored the sample in a sealed container. The fore- 
going statement made by Russell prompted the writers to 
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analyze this dust in an attempt to test the validity of his con- 
clusion concerning the inability lof wind to produce the degree 
of sorting observed in loess samples. 

In order to compare the dust collected at Meade with High 
Plains loess deposits, size analyses were made of 12 samples of 
loess collected in 1943 from the Sanborn formation of north- 
western Kansas. The location and analyses of these samples 
are given in Table I. 

Udden (1914, pp. 720-726) published analyses of dust, and 
stated that most eolian deposits are better sorted than most 
water deposits. Direct comparisons with Udden’s analyses 
have not been made because (1) his analytical methods were 
quite different from those used in the present study, and (2) 
the dust S9.mples that he analyzed either were deposited after 
being transported only a very short distance by wind (such as 
dust stirred up by a running train and deposited inside the 
coach) or were collected from the atmosphere where it contained 
only a small concentration of dust. Thus his samples may not 
be comparable to the material transported and deposited by 
western Kansas “dust storms” such as transported and 
deposited the sample of dust herein described. 

ANALYSES. 

The dust and loess were prepared for analysis by digesting 
30 to 40 grams of sample in hot hydrochloric acid. The acid 
was removed by six filterings through a Pasteur-Chamberland 
filter. Each sample was then dned, weighed, dispersed with 
sodium oxalate solution, and wet-sieved. The fraction caught 
on a 1/16 nam. sieve was dried, disaggregated with a rubber 
pestle, and sieved through screens of Wentworth grades. The 
silt collected in the pan was added to the sodium oxalate solu- 
tion, and enough solution was added to make a liter. Six 
portions were withdrawn by a pipette to determine the per cent 
of material in each Wentworth grade from 1/32 to 1/1024 mm. 

COMPAEISONS OE SIZE DISTEIBTJTIONS. 

In order to compare the size distributions of the sample of 
wind-blown dust with the samples of Sanborn loess and with 
analyses of Mississippi valley loess published by Russell, plotted 
cumulative curves of the loess analyses have been superposed 
(Fig. 1) on the the curve of the dust analysis. The similarity 








Wmd-hl(mn Dust Compared loith Analyses of Loess. 253 

of shape of the curves representing the analyses of loess to the 
curve obtained from the material known to have been trans- 
ported and deposited by wind is quite apparent. The curves 
obtained from analyses of Sanborn loess samples indicate 
slightly coarser matenal, and Russell’s analyses indicate a gen- 
erally finer material than the 1939 deposit. 

The only significant discrepancy between the shape of the 
curves obtained from analyses of Sanborn loess and the eolian 
material is in the disproportionately large percentage in the 
coarse fractions shown by the dust curve. A microscopic 
examination of the dust, however, reveals that these coarse frac- 
tions contain a large percentage of organic material such as 
fragments of plants and insects and some coal dust. Although 
such organic materials might have once been in the Pleis- 
tocene deposits, they were not preserved. All the distributions, 
including the dust, fulfill Russell’s requirement that at least 50 
per cent of the distribution must fall between 0.01 and 0.05 imn. 
(Russell, 1944, pp. 4, 5). 

We have chosen the quantile deviation, defined as half the 
range of the middle 50 per cent of the frequency distribution, 
as the measure of sorting for comparison because it is not 
affected by the ends of the distribution. The data are 
expressed in terms of phi units, each being equivalent to one 
Wentworth grade, so that conventional statistical methods can 
be used. 

The quantile deviation for the dust is 0.79 ; that is, the 
middle half of the sample falls within 1.58 Wentworth grades. 
The quartile deviations for Russell’s four loess samples range 
from 0.65 ^ to 0.92 </», and their mean is 0.81 <f>. The quartile 
deviations for the 12 samples of Kansas loess range from 0.47 
to 0.90 <f>, with a mean of 0.67 <l>. Thus, the Sanborn loess 
samples seem to be better sorted than both Russell’s loess and 
the dust, but the dust sorting falls within the range of that 
of the Sanborn loess. Stress has been placed upon the range 
of quartile deviations rather than upon their standard error 
because of the small number of analyses involved in each case. 

A number of analyses of Peorian loess samples from Iowa 
were reported in a recent paper by Kay and Graham (1943, 
pp. 173-183). In order to make further comparisons the 
quartile deviations were calculated from 18 of these analyses 
selected at random. The average was 0.75 with a range 
from 0.34 to 1 49 This range includes the sample of dust, 
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all of the Sanborn loess samples analyzed, and all of the loess 
analyses published by Russell, 

A comparison of skewness values^ also shows similarity 
between tlie dust and Sanborn loess. The dust ske^vness is 
-1-0.93, the average of Sanborn loess analyses is -1-0.96, with 
a range of -+0.78 to +1-14; and the average skewness of 
Russell’s loess analyses is -1-0.41.^ The skewness of a “loess- 
like” material described by Russell as a Pleistocene terrace 
remnant, is —0.07, which is much smaller and in the opposite 
direction. Although little is known about the significance of 
skewness in sediments, analyses of loess samples almost uni- 
formly show a strong positive skewness. 

The discrepancies between the sorting and skewness values 
of the Kansas loess and Russell’s loess may be in part the 
result of differences in preliminary treatment of the samples. 
The effect of thorough breaking up of the coarse aggregates 
of the Kansas loess samples by a rubber pestle would be to 
increase the skewness and improve the sorting. Breaking up 
of clay aggregates or granules may tend to destroy some char- 
acteristics of the loess deposit as it occurs in nature, but it 
is believed that this did not affect the conclusions. Aggregates 
of grains were rare in the dust. 

CONCLUSIONS. 

The comparisons that have been made of the grain size 
analyses of Kansas Sanborn loess, of loess deposits along the 
lower Mississippi valley, and of Peorian loess in Iowa with an 
analysis of material known to have been transported and 
deposited by wind show that there are no important differences. 
These data seem to demonstrate that wind can be competent 
to sort material to the degree represented iby some loess 
deposits. 

^ The skewness formula used is Pearson’s Sk = where M =: 

arithmetic </, mean, Md = median, and <r = ^ standard deviation. 

® In order to compute skewness values from Russell’s data it was neces- 
sary to estimate hypothetical geometric distributions from his cumulative 
curves Inasmuch as the points on the curves were numerous, the error 
introduced should be small. 
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LOESS TYPES AND THEIR ORIGIN. 

VLADIMIR A. OBRUCHEV. 


ABSTRACT. Loess is widespread m the southern {lart of European 
USSR and extends through the Kirghiz steppe to Lake Balkhash and 
farther northwest to Yakutia Different types of loess are distinguished: 
primary loess of aeolian origin and secondary loesses, redeposited and 
originated by other processes Degraded loess and compact stone-loess 
are also recognized. Dust from which primary loess originated is believed 
blown by anticyclonic winds from fluvioglacial alluvium of glaciated areas 
and foreglacial deserts, and deposited over adjacent prairies. In distinc- 
tion from this “cold” loess, the other, “warm” primary loess has been blown 
from the exposed mountain ridges and foothill thallus of Central Asiatic 
Mountains and adjacent deserts, and deposited in the surrounding prairies, 
but part of the dust in these areas was also blown in from the distant areas 
of glaciation. 

An alternative, soil-hypothesis of loess ascribes its origin to soil-forming 
processes from any fine-grained formation deposited by water in fore- 
giacial and foothill alluvial plains Comparative petrographic, chemical, 
and mechanical analyses of different types of loess give little support to 
this hypothesis, and the true water-laid loesses have greater compaction 
and offer more resistance to pressure than does the typical, porous, wind- 
blown loess. 

The secondary loesses are more widespread than the primary loess, but 
are much thinner than the latter. 

Richthofen’s aeolian theory is emended by elucidation of the part which 
deserts played in origin of loess dust. Obrudiev’s critics point out that the 
Sahara desert is not surrounded by belt of typical loess; however, dust 
from Sahara is constantly carried away to the Atlantic and the Mediter-' 
ranean, and is the original material of loess in Algeria, Tunisia and Tripoli 
The Nile Valley and Arabia to the east are unsuitable for dust accumula- 
tion. The whole of equatorial Africa presents climatic conditions very 
different from those of east-central Asia, where yellow loess is widespread, 
and in places is underlain by a more ancient reddish loess, which, beside 
the color, differs also by having greater clay content and lesser porosity. 

L oess and loess-like rocks are widespread in the south of 
■Ji the European part of the USSR. They cover the 
Ukraine almost to the shores of Black or Azov sea^, and 
stretch along the northern foothills of the Caucasian Moun- 
tains. Toward the north they make tongue-hke penetrations 
toward the towns Vitebsk and Moscow, and also along the 
right hank of the Volga River to Kazan. 

In the Asiatic part of the USSR they cover the southern 
half of the Kirghiz steppes (prairies) and the foothills of the 
Altai, and spread out between the Caspian and Aral seas to 
Kopet-Dagh Range and from there stretch to the plain of Syr- 
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Loess Types and Their Origin. 

Daria River and to Lake Balkhash. They cover also the 
slopes of the Tien-Shan and Pamir-Alai ranges, and spread over 
Fergana and Hi valleys. They are encountered also in the 
eastern half of Minusinsk Basin, near Irkutsk, in the southern 
zone of Trans-Baikalia, and in the north between Nizhni Vilui 
and Lena Ravers, and westward and eastward from the town 
Yakutsk on Nizhni Aldan River. 

Russian investigators now recognize two kinds of loess, which 
differ in origin and in characteristic features; (1) typical 
loess, which could be called primary loess, and (2) clay-like 
loams, sandy loams and sands, which may be grouped as secon- 
dary loess. The primary loess is an aeolian formation, while the 
secondary loess is either the result of redeposition of primary 
loess by water, or is an alluvial and deluvial fine-grained earthy 
formation, which acquired its loess-like characters by weather- 
ing and soil forming processes. The primary loess can, on the 
other hand, lose its typical properties in situ, in which case it 
is called altered or degraded loess. 

In central Asia an ancient loess has been found ; a compact 
marly rock, frequently schistose, and with insignificant por- 
osity. This rock is called stone-loess. 

Most Russian students believe that loess in European Rus- 
sia and Siberia is a direct consequence of Pleistocene Glaciation. 
They postulate that widespread ice sheets were centers of anti- 
cyclonic winds which blew down the ice-free adjacent plains. 
Numerous streams and flooding glacial waters ran to these 
plains, and these carried gravel, sand and mud, and deposited 
them to form what we call fluvioglacial alluvium. Intense thaw 
during warm seasons caused their overflow ; during cold seasons 
they were in retreat, and left behind them wide areas covered 
by loose friable deposits. As the anticyolonic winds blew they 
were raising from these deposits quantities of fine sand and 
dust. Similar materials were blown also from exposed grounds 
and from frontal morains, eskers, kames and outwash plains. 
From these wide areas of peri-glacial deserts the winds carried 
the dust far into the adjacent steppe, where it was deposited 
over the wide watersheds, well covered by herbaceous vege- 
tation; under protection of this vegetation the settled dust 
became converted into loess formation. Along the glacial 

Am. Jouh Sci. — Vol. 243, No. 6, Mat, 1946 
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streams, which traversed this steppe, banks were exposed at 
their retreat during cold seasons and these became sources of 
local dust, to be added to that brought from greater distances. 
Because of this the loess near such banks is coarser grained 
than farther away from them. The loess which was thus 
formed from sources created by glaciation may be called cold 
loess. Another loess type, warm, loess, was formed in the past, 
and is still being created by the deserts and semiarid parts of 
the continent, particularly along vast territories of Central 
Asia. The ample areas from which wind raises quantities of 
dust are the bare surfaces of mountain ridges and lulls, lose 
talus along their foothills, salty flats and flat shores of lakes 
exposed during their drying in summer, fall and winter seasons, 
and the banks of nvers, which become exposed and dry when 
waters retract after flowing far into deserts at times of max- 
imum overflow. An important part in raising dust is played 
by the small blowouts formed in great number in the hot time of 
day upon the plain. As hot air moves up above them, it sucks 
the dust from the surface and raises dusty whirlw'mds liigh into 
the air. The winds which, in the fall, winter and spring blow 
away from the deserts of Central Asia, are generally directed 
toward the south, east and west and so they carry the dust to 
the margins of these deserts. The heavier sand particles are 
deposited first and form loose sands, while the lighter particles 
are deposited in the surrounding steppes, where they accumu- 
late under cover of the herbaceous vegetation and form loess. 
The sandy areas in the marginal parts of the deserts are being 
continuously stricken by winds and present an additional 
source of dust, which is raised and carried to the steppes. In 
this manner were formed the thick beds of primary loess in 
China and western Manchuria, and on the northern slopes and 
foothills of Nan-Shan and Kuen-Lung, northern and southern 
foothills and slopes of Tien-Shan. In all the slopes and foot- 
hills of these Ranges and others in Central Asia, materials of 
“cold” loess play an insignificant role at the present, but during 
glacial epochs much of it was added to the material represent- 
ing “wann” loess. Thus in the primary loess of these areas 
certain quantities of local material* — from mountain ridges, 
scattered sands, and fluvial and lacustrine deposits — were 
added to exogenic material carried in from far away. 

In 1915 another hypothesis, the so-called soil-hypothesis, 
was offered in Russia, which has had and still has many sup- 



259 


Loess Types and Their Origin. 

porters.^ According to this hypothesis any fine-grained 
deposit may be converted into typical loess as a result of 
weathering and soil forming processes. The formation thus 
produced and simulating loess, consists of an accumulation of 
lime acquiring a granular structure in consequence of the 
coagulation of minute colloidal particles to larger ones and to 
rather stable dusty and fine grained aggregates. Original 
stratification disappears and porosity characteristic of loess is 
produced. The advocates of this hypothesis hold that the 
chief factor involved in transportation and deposition of the 
loess-forming material is running water both in peri-glacial 
and foothill alluvial plains, where this water carries in and 
deposits eluviated material of which typical loess is formed. 

Detailed petrographic study in connection with chemical 
and mechanical analyses of various loesses showed, however, 
that loess-forming processes can neither produce the calcium 
saturation characteristic of loess, nor explain the inertness 
of colloidal (alumosilicate) and carbonate parts to each other 
in the same loess. Besides, as erection of large buildings upon 
loess in the Ukraine shows, the loess, when saturated with water, 
becomes condensed under load and subsides, causing deforma- 
tion in the heavy buildings. The fact that this tendency 
toward subsidence is observed only in primary loess proves that 
they were not deposited by water and never were thoroughly 
and intensely soaked in it — ^that is they were accumulated 
gradually in dry steppes from dust brought in by winds and 
not by water. 

In regard to origin it w'ould be necessary therefore to dis- 
tinguish (1) primary (or typical) loess, cold and warm, an 
aeo'lian product, the material for which was brought in from 
periglacial and inner deserts, and deposited upon dry steppes ; 
and 

(2) Secondary loess, consisting of different loess-like clays, 
loams, sandy loams, which represent alluvium, talus, proluidum, 
as well as primary loess redeposited by water ; all of these were 
to greater or less extent a subject of loess forming processes 
and acquired certain, but not all, characteristics of loess. 

Secondary loesses are mudi more widespread than the pri- 
mary ones. They are frequently encountered in the zonal devel- 

^ This explanation has recently been advocated by R. T. Russell for the 
loess of the lower Mississippi Valley See Geol Soc. Amer, Bull. vol. 56, 
144, pp 1-40, Ed 
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opraent of primary loess alongside with the latter, but their 
thicknesses are limited to several meters, while that of primary 
loess is usually up to ten, twenty, and not infrequently to forty 
or fifty, and in China even to one or two hundred meters. Accord- 
ing to Richthofen, the originator of the aeolian hypothesis. Cen- 
tral Asia was almost completely covered with loess, wliich filled 
the valleys and hollows between the mountains, and was pro- 
duced as a result of the weathering in the mountains, the loess- 
forming material from these being moved downward by water 
and wind. Obruchev has observed that in central Asia there 
is no loess : it appears only in the marginal zones. His observa- 
tion of the distribution of loose sands and loess along these mar- 
ginal zones made it possible to emend the theory proposed by 
Richthofen and so to elucidate the part played by the desert as 
a source of dust and sand. Antagonists of this theory point out 
that the vast Sahara desert is not surrounded by a belt of 
typical loess. They forget, however, that the red dust from the 
Sahara is carried away by winds blowing westward to the 
Atlantic (as it has been observed to settle on sailing ships since 
long ago), and northward to western Europe, as well as form- 
ing loesses in Algeria, Tunisia and Tripoli. In the East the 
desert is bordered by the Nile Valley where dust blown in 
becomes mixed with alluvium and cultural soils. Still farther 
eastward lie the Red Sea and the Arabian desert, which are 
unfavorable for dust accumulation. Southward from the 
Sahara stretches the equatorial zone which is rich in atmos- 
pheric precipitation. In general, the climatic conditions in 
northern Africa are quite different from those observed in 
Asia. Regions convenient for accumulation of a thick dust 
formation, so common there, are almost absent here. Never- 
theless, here too loose sands occupy great areas in the western, 
northern, and eastern margins of the desert. 

In China the beds of primary ydlow loess are underlain in 
places by beds of reddish loess, which is distinguished from the 
yellow variety by greater clay content and lesser porosity 
These beds are frequently covered by a layer of gravel. This 
older loess was probably deposited in early Quaternary time 
when in Central Asia took place an extensive outwash and blow- 
out of the higher territory beds, where the red beds of the 
upper Cretaceous and Tertiary continental deposits occupied 
considerable areas in hollows between the higher ground. From 
these areas the reddish dust was brought to China and aocumu- 
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lated to produce the older loess, which since has become a sub- 
ject of intense degradation in svtu. Locally it is underlain by 
darker red clays with Pleistocene faunas. 

V. A Obeuchevj 
Academician, 

Academy op Sciences op USSR. 

DISCUSSION. 

Thorp: Regarding the loess m China, some of the reddish 
color in the older loess is probably due to the soil-forming 
processes that were active after older beds of loess were formed 
and before younger deposits were made. 

Bryan: Obruchev made argument for formation of loess in 
northwest China, southeast of the Ordos Desert, but I believe 
it is essentially glacial in character. The loess blown from the 
Ordos Desert was probably due to periglacial climatic effects 
(i.e., strong anticyclonic winds). There are known to have 
been more extensive glaciers in the mountains of Tibet than 
exist there at the present time. 

To THE ANSWER BY ThORP TO BrYAN’s REMARK: The loeSS- 
like rocks of southern China seem more likely to represent not 
the recent, but rather the older “cold” loess, which is connected 
with the ancient glaciation of Tibet, and subsequently degraded 
under the very moist recent climate of southern China. At 
such climatic conditions the eolian loess cannot be formed, but 
instead various kinds of red soils (krasnoziem) are usually 
developed. 

Elias: Some processes, generally called “soil processes,” are 
supposed to be responsible for both building up and deteriora- 
tion of loess. To say “soil processes” is not enough ; we must 
be more specific, 

Obruchev’s answers to remarks.® 

To James Thorp: If we assume that the reddish color of 
the more ancient Chinese loess resulted from some soil processes 
then we should postulate for the time of its origin much warmer 
climate accompanied by greater humidity. However, a simpler 
explanation of the reddish color of the ancient loess is fur- 

“ Submitted in written form after the meeting 
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nished by the wide development of the red Tertiary and upper 
Cretaceous deposits in central Asia, which are now largely 
covered by the yellow Quaternary deposits, and which were the 
source of the ancient loess. Besides, moist climate is generally 
unfavorable for the origin of loess. 

To Kirk Bryan* The greater thickness (to 400 meters?) of 
the loess, which is to the soutli of Ordos, is directly at its 
border, that is to the south of the sands, and diminishes farther 
to the South. If this loess were a “cold” one and had origi- 
nated in connection vuth the glaciation of Tibet, which, by the 
way, is fairly distant from this country*, then its thickness 
would have been on a decrease in the opposite direction: from 
the south northward. Besides, this hypothesis leaves without 
explanation the occurrence of the large area of Ordos sands 
to the north of the thick loess. In European Russia the sands 
are located between the southern border of glaciation and the 
area of the development of the loess, which is a natural con- 
sequence of the proximal deposition of the coarser material by 
the anticycloni'C winds, while the dust has been carried farther 
away. Thus m China the sands should have been deposited 
to the south of the loess, closer to the border of Tibet, if it 
were a “cold” loess. 

To M. K. Elias: In order to explain what is meant by “soil 
processes” a special report would be necessary, which the 
author could not furnish because of not being a specialist on 
soils. Much attention has been devoted to this question in the 
recent Russian literature. 



SIGNIFICANCE OF LOESS IN CLASSIFICA- 
TION OF SOILS. 

JAMES THORP. 


ABSTRACT. The soils developed from loess vary considerably because of 
great variation in combination of factors involved in soil formation; climate, 
biological activity, relief and time. Besides, the character of loess, which 
IS the parent material, also vanes considerably Drawing of the boundaries 
of types of soils in the soil survey of the Great Plains is helped considerably 
by the understanding of loess origin, thickness, and distribution Many 
problems in soil classification and mapping are intimately connected with 
the problems of origin of different portions of the loess which is called 
summarily Sanborn in Kansas and Peorian in Nebraska Thus the work 
of the soil scientist here, as well as elsewhere, is that on surface geology 
Suggestions are made for field research on loess and for collecting of loess 
and soil samples in the Great Plains area. 

T he study of soils is fundamentally a problem in surface 
geology. For practical reasons the classification of soil is 
made in such a way that the limits of taxonomic and carto- 
graphic units will have significance to land use. Soil classifi- 
cation is the meeting ground of agricultural science and 
geology. 

As stated in the 1938 Yeai'book of Agriculture, “Soils are 
natural media for the growth of plants They are mixtures of 
fragmented and partly or wholly weathered rocks and minerals, 
organic matter, water, and air, in greatly varying proportions, 
and have more or less distinct layers or horizons developed 
under the influence of climate and Imng organisms.” 

The most commonly recognized factors of soil formation are : 
(1) parent material, (2) climate, (3) biological activity, (4) 
relief, and (5) time. Witli many variations in each of five 
chief variables in soil formation, one can .see at once that the 
possible number of combinations is very great indeed, even 
where the parent material is the only variable. Loess may be 
considered as parent matenal, but more accurately it is a kind 
of parent rock from which parent matenal develops through 
leaching and hydrolysis. Even if all loess were exactly the 
same character it is easy to see that the number of soils devel- 
oped from it would be very great if the other four factors 
varied individually or in groups. Actually, however, not only 
does each of the factors vary greatly from place to place, but 
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the character of loess also varies considerably. A multiplicity 
of soil types is the result. 

Climate is of chief interest, in soil formation, in its effective- 
ness, in promoting hydrolysis and leaching of soils and soil 
materials, and, more important, in its effects on the growth 
and distribution of plants and animals. 

The direct effects of relief are chiefly those having to do with 
moisture relationships, including run-off, run-on, surface 
accumulation, and infiltration of water. Indirectly, soil-raois- 
ture differences due to relief affect soil characteristics through 
biological activity. 

The effects of time are conditioned by other factors. The 
same period of time will not always produce the same result in 
soil formation. A long exposure of soil material and soil in a 
humid climate will result in greater extremes in leaching, hydrol- 
ysis, and horizon development than in a very dry climate, 
which was brought out clearly by Vanderford and Albrecht 
(1942). It must be remembered, of course, that the age of 
soil will also depend on the rate at which geological ero 
sion is removing soil material. In some areas the removal is 
so rapid that the soils are kept in a continuously youthful 
stage of development. In areas where dissection is very slow 
or nil, soils are able to attain a ripe old age. 

Since we are dealing with loess as a factor in soil formation, 
we must know what we mean by the term loess. A search of 
geological and soil literature indicates that there is no com- 
plete agreement among scientists as to what should be called 
loess. It seems to be accepted by a majority that aeolian 
origin is one of the primary requisites, although there is no 
complete agreement even on this point. Probably this is 
because it is not always possible to determine whether or not a 
deposit had this ongin. Por use in the soil survey, the fol- 
lowing very tentative defimtion and discussion have been pre- 
pared recently by Doctor Baldwin, Chief Inspector of the 
Division of Soil Survey. He has consulted a number of men 
in the preparation of the statement and there is still some dis- 
agreement regarding certain features of it. 

“Loess — ^An unconsolidated or weakly consolidated deposit of 
calcareous fine earth material, dominantly silt throughout, with a 
lesser content of very fine sand or clay, or both. Each deposit is 
practically homogeneous as to mechanical composition. The mineral 
composition of loess is variable, depending on the source of material, 
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but there is everywhere an appreciable content of calcium carbonate 
or calcium-magnesium carbonate. Most of the material effervesces 
in cold dilute hydrochloric acid, indicating the presence of calcium 
carbonate. Secondary nodules (concretions) and tubes of calcium 
carbonate are present in many deposits. Most geologists and geo- 
morphologists now agree that true loess deposits have been accumu- 
lated by the action of wind; in fact an aeolian origin (mode of 
accumulation) is regarded as a definitive feature. Residuum from 
loess is generally very silty, although deposits of loess high in clay- 
forming minerals, weathering in humid climates, may form residuum 
with a relatively high proportion of clay. In humid climates free 
carbonates are leached out to considerable but variable depths, 
depending upon the kind and the degree of impress of the factors 
and processes of weathering. Some confusion has arisen among 
soil scientists owing to failure to distinguish between geological 
formations or deposits properly called loess, and very silty residuum 
which may or may not have been formed by the weathering of loess. 
Distinction should be made between loess and dune sand, on the 
one hand, and between clayey wind-laid deposits, or ‘clay dunes’ 
on the other.” 

The important features brought out by this definition are* 
(1) That loess should include a definitely limited range of 
particle-size composition and (2) that a clear distinction should 
be made between loess and the weathering products of loess, 
including the soil profile. One point about which there has 
been considerable controversy is the matter whether loess 
should be defined as always containing appreciable quantities 
of calcium and/or magnesium carbonates. Some soil scientists 
feel that some unstratified silty deposits, presumably of aeolian 
origin, never had appreciable quantities of these minerals. 
However, it is also true that our surveyors have seldom found 
very deep deposits of this sort which were noncalcareous 
throughout. 

A great deal of the material from which soils have developed 
in the forested and prairie regions of southern and western 
Indiana, Illinois, and Iowa presumably is of aeolian origin 
and originally would have been classified as loess. The thinner 
parts of these deposits have been strongly weathered and no 
longer bear characteristics usually associated with loess. Good 
examples of this are in the claypan soils developed from aeolian 
silts of southern Indiana, Illinois, Iowa, and eastern Nebraska. 
Where the original aeolian deposits were thin the original 
calcareous material, if ever present, has been leached almost 
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completely from the soil and the material now contains a rather 
high percentage of clay and a relatively low percentage of silt- 
sized particles. Where the original deposits were deep and 
where they have not been removed by dissection, some of the 
deeper materials still contain much of the original character of 
the loess, including various percentages of calcium and mag- 
nesium carbonates. Throughout this area the character of 
soils developed from loess or loess-like material varies from 
shallow dark-colored silty soils over calcareous loess to thick 
heavy-textured soils with very heavy claypan subsoils. In 
forested areas, the soils are light colored and strongly acid in 
reaction In the humid prairies, they range from light to dark 
colored and from approximately neutral in reaction to very 
strongly acid. In the Great Plains the reaction is usually 
neutral or alkaline and the color of the soil is dark in the 
eastern part and progressively lighter colored westward from 
subhumid into semiand regions. 

The work of Guy Smith (1941) of Illinois shows that soil 
age and geological age of the same aeolian deposit are not 
synonymous throughout the extent of that deposit. For 
example, he found that the age of soils adjacent to the bluffs of 
the Illinois River on uneroded loessial uplands was less than on 
the same deposit of loessial material a considerable distance 
from the river bluffs and the supposed source of the loess 
deposit. He assumed that the former flood plain of the Illinois 
River provided the silt of which the loess is composed. Where 
profile development has kept pace with deposition of aeolian 
silts, we can say that no loess has ever existed in this place. 
Briefly, Smith’s explanation is that the rate of soil development 
in the loessial material, distant from the source, was approxi- 
mately equal to the very slow rate of deposition. Adjacent to 
the bluffs, the loess accumulated so rapidly that leaching, 
hydrolysis, and soil formation could not proceed as rapidly as 
the material collected. For example, the total thickness of aeo- 
lian deposits many miles from the source might be approxi- 
mately two feet; while the total thickness on the river bluffs 
might be 20 or 30 feet. The soil distant from the source is one 
of the clayey texture and strong profile development, while the 
one on the bluffs has much less clay and does not have such a 
strongly developed profile in terms of eluviation and illuviation. 

Theoretically, it is possible for a soil surveyor to recognize 
a soil type purely on the basis of its physical profile character- 
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istics and to draw boundaries on the basis of observations made 
at regular intervals. This is practically as well as theoretic- 
ally possible, but mapping by this method is slow and cumber- 
some, especiaEy because of the fact that within any local area 
we have soil profile differences which are due to factors other 
than the character and thickness of the parent material. These 
differences correspond closely to local relief as it has influenced 
moisture relationships and the distribution of vegetation. 
When field research is able to bring out relationships such as 
those explored by Smith, it facilitates the work of the sur- 
veyor to the extent that it gives him a theoretical basis on 
which he can draw boundaries around areas of soil observed in 
individual excavations. If we know the probable source of 
loess, we may expect to find the thickest deposits of it near 
that source and we can expect progressively thinner deposits 
outward from the source in the direction followed by winds 
during the period of deposition. Most soils grade almost 
imperceptibly from one type to another and the surveyor is 
frequently at a loss as to where to draw his boundaries. A 
knowledge of the distribution and thickness of parent loess and 
a working theory regarding its origin will help the surveyor to 
decide where to draw his boundary lines. 

W’^ithin a given climatic and vegetative zone, as in the Brown- 
soils zone of eastern Colorado, we sometimes find subzonal dif- 
ferences in soil profiles developed from loess which are difficult 
to explain and hence difficult to delineate, especially where one 
subzone grades into another. It appears, for example, that 
soils developed from loess and loess-like materials in south- 
eastern Colorado' average somewhat more clayey, both in sur- 
face soils and subsoils, than in east-central Colorado. What 
is the reason for this difference, and, therefore, where is the 
most logical place to draw our boundary lines when soils of 
one group grade into soils of another group'* Is the loess or 
loess-like material of southeastern Colorado actually heainer 
textured than that farther north? Is there a difference in the 
age of the material, or is there a mineralogical difference in the 
character of the loess that causes the genesis of more clay 
in southeastern than in eastern Colorado ? Is there an actual 
difference in the percentages of clay, or are apparent dif- 
ferences due to the chemical characteristics of the clays'* 

Another question that has not yet been answered fully has to 
do with the number, sequence, and geographical extent of loess 
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deposits on the Great Plains. How many separate deposits 
of loess were made during the period that has been classified 
collectively in Kansas as Sanborn and in Nebraska as 
‘^Peorian”? How complete was the coverage by loess by each 
one of these deposits'* Where are the areas of old soils that 
were not covered by tlie more recent loess deposits ? These and 
many other questions might he posed, and we think that our 
field research in soils is gradually bringing to light some of the 
answers. Mr. Williams’ adjacent paper is an attempt to suggest 
an answer regarding the relative ages of certain soils in western 
Nebraska, and the extent to which a part of that area was 
covered by the most recent of the “Peonan” loess deposits. 

We know that more than one buried soil exists in some of the 
deposits of Peorian loess. We have strong evidence that some 
of these intra-Peorian soils were never buried or at least were 
buried to only a shallow depth by more recent aeolian and 
alluvial deposits. 

One of the puzzling problems that confronts the soil scientist 
is the existence of areas of Holdrege soils in regions where 
Keith soils are dominant. Keith soils of the Chestnut great 
soil group are characteristic of a dryer climate than Holdrege 
soils of the Chernozem great soil group. Evidences observed 
in Chase County, Nebraska, indicate that the Holdrege soils 
there were formed before the last deposition of loess and were 
not completely buried by it. They are darker colored and 
deeper than the adjacent Keith soils and they occur in a posi- 
tion that suggests that part of them were covered by loess 
deposits from which the Keith soils have developed. This sug- 
gests that the soil developed before the last loess must have been 
formed under a climate somewhat more humid than the present 
one because we -do not find soils as dark-colored that seem to 
have developed under present climatic conditions in Chase 
County. 

Following are some suggestions regarding the type of 
research that we think would be of help to the soil scientist. 

1. It would be helpful to study complete cross sections in 
undissected areas of recognized loess throughout the Great 
Plains at regular intervals in each direction. Complete 
descriptions should be made of the sections and mechanical anal- 
yses should be made of samples collected from each distinct 
layer or horizon. It would be very helpful if samples of loess 
from each site could be studied to determine the approximate 
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content of quartz, clay-forming minerals, calcium and mag- 
nesium carbonates, and heavy minerals. 

2. Care should be exercised in the collection of samples to 
see that they were all taken under similar relief and drainage 
conditions. Details of local diiferences caused by differences 
in relief, drainage, and vegetation could be worked out by 
more detailed surveys. 

3. It would be desirable to collect samples of weathered 
rocks and alluvium from areas where there is no present loess 
cover, both in river valleys and on the uplands, to determine 
whether the mineralogical and textural patterns worked out 
on the loess have any relationship to areas that are not 
covered by loess. 

4. It is felt that soil scientists might be able to contribute 
something to the study of buried soil profiles in relation to 
archeological and paleontological studies. Field research in 
the loessial area of the Great Plains might be done on a cooper- 
ative basis in which contributions would be made by representa- 
tives of all branches of natural science. Botanists, ecolo- 
gists, paleontologists, archeologists, geologists, physiographers, 
geographers, and soil scientists, all working together on the 
same general problem, should be able to come up with better 
answers to scientific and practical problems than representa- 
tives of any one of these disciplines working individually. 

To repeat, soil science is fundamentally a branch of geology. 
The work of the student of soils can be of greatest practical 
usefulness only when it draws on the disciplines of geology, 
geography, biology, agronomy, chemistry, and physics for sup- 
plementary information and interpretation. To my way of 
thinking, there should be no dividing line between so-called ‘*sci- 
entific” and “practical” investigations. All scientific investi- 
gations on soils, loess, or any other geological phenomenon, 
should eventually have some practical significance to land use 
in its broadest sense. 
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DISCUSSION. 

Stout : In Chase County, Nebraska, in blowouts in the deeper 
soils, one finds elephant fauna associated with artifacts. In 
western Nebraska one finds an old bluish-black, marly sort of 
soil material and the same elephant fauna. I agree that the 
cooperation of all agencies as desirable tO' clarify exact rela- 
tionships. “How many soils are we dealing with?” 

U. S. Deft, op AoRictrLToaE, 

Bttbeau of Plant Industry, 

Soils and Agriculture Engesteering, 

Washington, D C. 



SEQUENCE OF SOIL PROFILES IN LOESS. 

B. H. WILLIAMS. 

ABSTRACT. The time factor or age of soils developed from loess in 
western Nebraska appears to be expressed in the character of the present 
soils Tliere is sufScient evidence to suggest that the soils on the tableland 
south of Chappell, Nebraska, have developed from loess of two distinct 
periods of deposition. The Dawes soils developed from the older loess or 
silty, loess-like alluvium apparently had reached the stage of mature normal 
soils before the second or last loess deposit was made Evidence sup- 
porting this belief is contained m the fossil soils buried beneath the last 
loess from which the present zonal soils (Keith series) have developed 
Where the old soils were not buried and have remained at the surface 
through the second period of loess deposition and soil formation they have 
developed strong claypan subsoils, an indication of their antiquity or of 
accelerated soil-forming processes The compact claypan subsoils of the 
Dawes soils are in contrast ivith the friable, medium-textured subsoils of 
the Keith soils which contain only slightly more clay than their surface 
soils Since the Dawes and Keith soils south of Chappell have developed 
from similar friable, silty materials and occupy comparable physiographic 
and topographic positions, and since the soil-forming influences on them 
probably have been the same during the period which has given rise to the 
normal Keith soils, it seems reasonable to suppose that the claypan of the 
Dawes soils is a result of soil-forming processes operating over longer 
periods than necessary for the formation of Keith soils The soils buried 
beneath the most recent loess have characteristics much like those of the 
Holdrege series (Chernozem) Where these soils have not been buried they 
appear to have been advanced to the development of claypan soils (Dawes 
series) 

T he Peorian loess of Nebraska, as stated by Condra and 
Reed (1) includes all the dust deposits of post-Loveland 
age. It comprises the initial Peorian (post-Iowa) and prob- 
ably also equivalents of loess substages found between the 
Wisconsin drift sheets in South Dakota, Iowa, and Illinois. 
Some study of the loess substages has been made, but these 
have not been correlated as yet. 

It is the current opinion of both soil scientists and geologists 
that the dark bands or buried soils — fossils soils — in the Peo- 
rian loess mark more humid climatic intervals separating the 
more xeric loess substages. The buried soils represent all 
stages of soil development from the youngest, most immature 
soils to the normal zonal soils and Planosols (claypan soils) of 
the present. 

No attempt is made in this paper to correlate the buried 
soils with the established Pleistocene stages or substages, or 
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loess depositions, or to estimate the amount of time required 
for development of these soils. The purpose is to record some 
observations on similarities and differences between these and 
the present soils, and also, where the old soils have not been 
buried, to bring out their relationships to the soils that have 
developed on the younger loesses. 

The observations recorded here were made over a three-dav 
period in November, 1943 in the course of a routine inspection 
of the soil conservation survey of Deuel County, Nebraska. 
They are taken from field notes compiled for later use in cor- 
relating the soils of the county. The observations are more or 
less applicable to all of Deuel County, but they relate more 
specifically to an area of 10 or 12 square miles around a point 
about three miles southwest of Chappell, Nebraska. This 
area represents the undissected part of the tableland which 
Wolfanger (2) calls the south divide and describes as an ancient 
terrace built at the confluence of the South Platte River and 
Lodgepole Creek. 

The terrace lies about 150 feet above the flood plains of these 
streams and 25 to 50 feet below the top of the Ogallala which 
outcrops a short distance to -the west and forms the westward 
extension of the table. The outcrop of the Ogallala includes 
the Kimball member of this formation, and the algal {Chlorel- 
lopsis) limestone described by Elias (3) as the topmost bed of 
the Tertiary in Kansas and adjoining states. 

The high elevation of the terrace in relation to the top of the 
Tertiary column places it as the first or second post-Ogallala 
terrace and probably of early or middle Pleistocene age. 

With the great amount of dust being deposited in western 
Nebraska near the close of the terrace-forming period, it is 
reasonable to assume that considerable wind-borne material was 
deposited on the terrace an the later stages of its formation 
when it was covered by grasses. This would account in part 
for the silty texture of the soils and the loess-like character of 
the three to five feet of fine-earth material immediately above 
the gravelly alluvium over which the oldest soils are developed. 

During the more humid cycle following the formation of the 
terrace, the soils that formed on the nearly level areas of the 
tableland apparently were undisturbed for a long period of time 
and they developed profiles equivalent to the present Chernozem 
soils and associated weak Planosols. The relativdy dry period 
following the first soil-forming period was one of erosion, and 
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than the associated nonnal soils. Therefore, it would seem 
logical to conclude that soil-forming processes operating slowly 
over long periods, as in the Dawes soils south of Chappell, 
would tend to give very similar or like profiles on the same 
kinds of parent materials that the processes would give if 
operating rapidly for a much shorter period, as in the Dawes 
silt loam of Kimhall County, Nebraska. 

The Keith soils include friable granular silt loam soils devel- 
oped from yellowish-gray silty loess (B) in areas where the 
loess IS four or more feet thick. In the upper part, their sub- 
soils are friable silty clay loam, having cloddy or prismatic 
structure, and in the lower part they are friable silt loam and 
have little structure development. The increased heaviness in 
the upper part of the subsoils can be determined in the field 
only through close comparison with the other layers ; whereas, 
the corresponding layer in the Dawes soils contains a very 
notable increase in content of clay. 

The upper parts of the profiles of the Sherman soils (A2), 
Dunlap soils (A3), and Goshen soils (A4!) have developed from 
the most recent loess, and in this respect they are like the pres- 
ent normal Chestnut soils but the lower parts of their profiles 
include the old fossil soils (C2) or have developed in part from 
the fossil soils. 

The Sherman soils do not differ from the Keith soils to a 
depth of 20 to 36 inches, but below this depth they rest on 
or include the fossil soil and their lime-carbonate horizons have 
formed in part, if not entirely, in the dark organic-bearing 
layer of the fossil soil. The subsoils of the buried soils may be 
within the zone of influence of the isoil-formmg processes now 
operating, but in many places they lie deeper than this. 

The morphology of the Dunlap soils is not so easily explained 
as that of the Sherman soils. From their general make-up, 
they appear, however, to include the old soils which were more 
or less eroded and then received a thin layer of younger loess 
— about 12 inches thick — all of which has become darkened 
with orgamc matter. This addition to the dark layers of the 
fossil soil gives the Dunlap soils tliicker organic-bearing layers 
than the Keith and Sherman soils. 

Although the Dunlap soils are comprised largely of the old 
soils, and the weathering and soil-forming processes have con- 
tinued in the old soils as long as in the Dawes soils, their 
subsoils show only semiclaypan development about equal to 
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that of the fossil soils that are hurled deeply. The writer 
thinks that the strong claypan did not develop in the subsoils 
of the Dunlap soils because the thin mantle of late loess in 
tlio soils above them absorbed all or nearly all the impacts of 
weathering and soil-forming processes, and thus little weather- 
ing and alluviation of the lower layers have taken place. This 
explanation would seem plausible because just as in the Keith 
soils which have developed entirely from late loess, there has 
been little downward movement of clays from the surface 
layers. 

The Goshen soils are comprised largely of dark-colored local 
alluvium that has accumulated in depressions and swales in 
the undissected uplands and at the foot of slopes along the 
drainages. The soils are dark and of rather uniform texture 
and consistence. They have little structure development except 
wliere the local alluvium is than, and the lower parts of their 
subsoils include the heavy layers of the fossil soils. 

DISCUSSION. 

Beyan: I am much pleased to see the principles of strati- 
graphy applied to the study of soil phenomena and am glad to 
know that soil scientists realize that soils as we now find them 
are the result of different sets of soil-forming processes oper- 
ating at different times. One set of soil-forming processes may 
be superimposed on soils formed under another set of processes 
and the results are far from simple. I feel that there is a 
good possibility that a fairly definite chronology can be devel- 
oped for glacial and post-glacial deposits, using soil profiles as 
an important means of determining this chronology. 

Thorp : Mr. Pate and I have been making some field observa- 
tions on the growth of gullies in loess and in soils developed 
from it. In many instances, a deep vertical-w^alled gully is 
formed at first and the walls of the gully gradually recede 
upliill in a sort of wave. As the walls recede they become pro- 
gressively lower and the land below each wall is a fairly smooth 
slope. 'New gullies form in the gentle slopes below the old 
gully walls and wave after wave of the walls can be traced 
uphill from intermittent drainageways. The resultant slopes 
of the drainageways comprise a series of smooth slopes and 
**cat-steps.” We recognize, of course, that some “cat-steps” in 
the loess region are due to other causes. A parallelism may 
be drawn between the phenomenon here described and the super- 
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imposition of one set of soil-forming factors on another set. 
Many of our old soils as we now find them are the products 
of several “waves” of combinations of soil-forming processes. 
The effects of the earlier waves may be and usually are obscured 
by the effects of later waves and it becomes very difficult to 
reconstruct the history of many of these old soils. The inter- 
pretation of buried or fossil soils is somewhat less difficult. 
It seems fairly safe to assume that each of three buried post- 
Tertiary soils and the present soil have been subject to less 
complicated sequences of soil development than one early post- 
Tertiary soil that may have been exposed at the surface con- 
tinually since, perhaps, Kansan times. 

Pate* : Regarding buried soil profiles' — most examples of this 
are in the western part of the loess belt. Buried profiles have a 
tendency to be quite local and occur in areas of erratic or 
frequently changing climate. As to the equilibrium of profile 
development, there is a wonderful opportunity to study this in 
North Dakota where we have soils developed on the residual 
parent material west and south of the Missouri River and on 
the younger glacial material north and east of river. Within 
short distances of each other and under similar climatic environ- 
ment soils appear to have reached very similar stages of 
maturity indicating they have reached an equilibrium. 

* Soil Conservation Service, U. S. Dept, of Agriculture, 
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INFILTRATION INTO LOESS SOIL* 

F. L. DUXEY. 


ABSTRACT. Tests were made m both field and laboratory to determine 
the infiltration rate for loessial soils. The results indicated that when 
these soils are bare they seal over during rains and have their intake rate 
reduced in the same way as other soils. The intake rate can be greatly 
increased by covering the surface with a straw mulch. The effect of the 
mulch was much less on the raw, parent material of the Peorian loess, 
due to the fact that it has not developed as stable structure as has the 
surface soil. This absence of a well developed structure and shortage of 
binding material also leads to excessive erosion on this soil. 

L oessial soils, particularly those formed from the more 
■i recent deposits, are generally considered to be open por- 
ons soils. It might be inferred, therefore, that they should 
absorb water rapidly. The texture of the material is inter- 
mediate or mostly of silt size, and the profiles of most of these 
recent deposits are strikingly uniform and do not show the 
results of development that are common in many soils. 

The sui'face layers of the loess soils, such as the uneroded 
Knox, Marshall, or Hastings soils, have developed dark surface 
horizons. The structure of the surface soil has been greatly 
altered from the original loessial material. 

EXPERIMENTAL. 

In work here on soil and moisture conservation, determina- 
tions have been made on the infiltration rates of loess in compar- 
ison with other soils. The field tests were made on plots 6.6X33 
feet, or 1/200 acre. Water was applied by artificial sprink- 
ling at approximately 1.5 inches per hour. Infiltration tests 
made on small, isolated plots usually give intake rates higher 
than the intake rate under field conditions. Therefore, the 
data from these plots represent the capacity of the surface soil 
to take in water rather than the rate at which it might be 
absorbed during natural rainfall when the water would be 
falling over an entire watershed, and where the subsoil after 
becoming filled with water could exert greater effect in reducing 
the intake rate. 

* Contribution by the U. S. Department of Agriculture, Soil Conservation 
Service, OflSce of Research, and the Nebraska Agricultural Experiment 
Station, cooperating. Journal Senes No 367. 
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Table I. 

The total water intake and infiltration rates of different soil types 
on bare cultivated soil with a slope of 4 per cent. 


Soil type 

Total intalce water 
in 90 minutes 
First Second 
day day^ 

Infiltration rate at 
end of 90 minutes 
First Second 
day day 


Inches 

Inches 

In per 
hour 

In per 
hour 

Knox Silt loam 

105 

0 68 

0 38 

021 

Marshall silt loam — eroded phase 

108 

0 43 

0 42 

021 

Marshall silt loam— heavy subsoil (A- 
slope) 

243 

0 38 

0 28 

0 21 

Marshall silt loam — ^heavy subsoil (C- 
slope) 

107 

0 37 

0 41 

017 

Butler silt loam . 

132 

0 67 

0 38 

0 26 

Butler silty day loam 

1.24 

0 37 

0 30 

016 

Paivnee clay loam 

120 

0 76 

0 60 

0 33 

Dickinson sandy loam 

137 

0.48 

0 40 

0 24 

Lancaster sandy loam 

171 

0 61 

0 OS 

0 ■$2 

Mean . 

139 

0 61 

0.42 

0 23 


* The second test was made on day following first lest. 


A summary of the results obtained on nine different soils or 
locations is shown in Table I (from Duley and Kelly, 1939). 
These figures indicate that the intake of water by loessial soils 
in a , cultivated and bare condition is very similar to the rate 
for the other soils tested. The similarity of the results from 
the two groups of soils is much more striking than their 
differences. 

Other tests were conducted to compare the water intake where 
the cutivated soil surface was protected by a covering of straw 
with that where the soil was cultivated and left bare. The 
results are shown in Taible 11. 

Whenever any of the soils were protected by a covering of 
straw, the amount and rate of water intake was maintained at 
a much higher level than when the soil was bare. This has 
been found to be due to the formation of a compact surface 
layer when raindrops fall on a bare soil (Duley and Kelly, 
1939). 
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To maintain a lug'll intake rate it is necessary to keep this 
compact surface layer from forming so quickly. This can be 
done by placing some type of cover, such, as straw over the 
surface. When this is done, somewhat greater differences in 
the soils are brought out. As shown in Table II, the soils with 
heavy surface soils and claypan subsoils finally showed a 
reduced rate of intake as compared with the silt loam or sandy 
loam soils. This reduction did not occur, however, until the 
heavy soils had absorbed water in excess of expected rainfall 
in Nebraska. 

Later work in the laboratory has shown that the raw Peonan 


Table II. 


The intake of water by different soil types as affected by straw mulch in 
comparison with cultivated bare surface.^ 








Iniiltra- 




Dura- 



tion rate 


Character 


tion of 

Total 


at end 


of 

Surface 

appli- 

water 

Total 

of appli- 

Soil type 

subsoil 

condition® 

cation® applied intake 

cation 







lu per 




Hrs 

In 

In 

hr. 

£nox silt loam 

Silty, uniform 

Straw mulch 

16 9 

28 62 

24.68 

098 


Bare* 

9.8 

13.86 

6 90 

0 25 

Marshall silt loam 

Silty clay 

Straw mulcli 

14.0 

28.89 

24.4<6 

120 

— ^heavy subsoil 
phase (A-slope) 

Bare 

9.6 

16.33 

627 

0 21 


Butler silty clay 

Claypan 

Straw mulch 

13 6 

4114 

21.89 

0 60 

loam 


Bare ^ 

7,0 

1247 

2.74 

0.15 

Pawnee clay loam 

Claypan 

Straw mulch 

10.6 

8481 

20.17 

088 



Bare 

70 

10.93 

4 86 

0.29 

Dickinson sandy 

Silty clay 

Straw mulch 

66 

20 29 

11.12 

0.48 

loam 


Bare 

40 

7.01 

223 

0.24 

Lancaster sandy 

Sandy, uniform 

Straw mulch 

12.8 

46 83 

28.89 

0.92 

loam 

Bare 

47 

8.09 

3.48 

0.32 

Mean 


Straw mulch 

12 21 

33 08 

2186 




Bare 

6 92 

1128 

4 26 

0 24 


^ These plots of mulched and cultivated land are not directly comparable so 
far as time of application is concerned, but water was apphed on each plot until 
the rate of infiltration became approximately constant. 

® All plots spaded and raked until in about the condition of a garden bed. Some 
were then covered with straw and others left bare. 

® Water applied during several hours on two or three successive days. 

* These results from a plot with only an 0 85 per cent slope All other plots 
reported in this table were on 4 per cent slopes. 
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Sequence of Soil ProfS^s in Loess. 

much of the area of the original soils -was eroded to varying 
depths. In some places the soils are entirely removed and the 
underlying gravelly alluvium was exposed. Some of the old 
soils, however, remained intact and most of these remnants 
were buried hy later deposits of loess in which the present soils 
are forming. This loess deposit had the effect of partially 
smoothing out the inequalities of the previous erosional sur- 
face and is of unequal thickness. It rests disconformably on 
the old soils and Pleistocene gravel beds. 

On the basis of the above we have a composite Pleistocene 
geological column from the youngest to the oldest as follows ; 

1. Post-loess soils. 

2. Loess. 

8. Fossil soils. 

4. Thin loess or silty loess-like alluvium. 

5. Alluvium, chiefly arkosic sand and gravel. 

Figure 1 presents a hypothetical composite cross section 
showing the geological and soils relationships on the table- 
land south of Chappel, Nebraska. 



A4 GOSHEN SOILS 
B YELLOWISH-GRAY SLTY LOESS 
C» DAWES SOILS 
C2 FOSSIL SOILS 

D THIN LOESS OR SILTY LOESSLIKE ALLUVIUM 
E ALLUVIUM, CHIEFLY ARKOSIC SAND AND GRAVEL 

Fig. 1. Hypothetical cross section on tableland south of Chappell, Nebraska. 


The fossils soils (C2) (see Fig. 1) bear evidence of a more 
humid climate than that of western Nebraska at the present 
time. They have thicker and darker organic-bearing layers, 
more compact clayey subsoils with more pronounced struc- 
tural development than the present normal soils, and they are 

Am Joua. Sci, — ^Voi. 243, No. 5, Mat, 1945. 
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leached of their carbonate of lime to a greater depth. These fc^^g. 
sil soils are albout representative of the Chernozem group 
soils of central Nebraska, and include profiles that correspoi^^^ 
to those of the Holdrege and Hastings series, normal soils 
Half-Planosols, respectively. 

In places where the old soils were not 'buried (or were buried ; 
only to slight depths) by the later loess, weathering and soil- 
forming processes have continued to operate on them through 
two periods of soil formation and one period of erosion and 
loess deposition. Much clay has been formed and accumulated 
in their subsoils to produce strongly developed claypans with 
columnar structure characteristic of Solonetz soils. It seems 
possible that these Solonetz-like soils may have developed with- 
out the sodium saturation and the imperfect drainage generally 
considered necessary for the formation of Solonetz soils. 

The claypan soils were included wibh the soils of the Dawes 
series (Cl) in the original classification of the soils of Deuel 
County and they are retained in this classification, at least 
tentatively, in the present soil conservation survey. As a 
whole, these soils have nearly level relief, but in places they 
are on slopes of two or three per cent gradient and occupy 
more sloping areas than some of the adjoining normal Chest- 
nut soils of the Keith series (Al) which have been developed in 
a relatively short period, during and since the deposition of the 
most recent loess. 

The formation of the Dawes soils on slopes is in contrast 
with the Dawes silt loam in Kimball County, Nebraska, 
described by Jackson, Hayes, and Weldon (4), regarding which 
they state: “The Dawes soils occur in position where external 
drainage is poorly developed but where water seldom stands , . . 
The topographic position of this soil shifts the balance between 
the other developmental factors, giving, in a sense, an old soil.” 
From the above it is assumed that the Dawes soils described 
by Jackson, Hayes, and Weldon have developed under a soil 
climate (soil moisture and biological relationships) different 
from that of the normal soils of the same general area, and 
that the processes of soil development either were speeded up 
sufficiently to give a soil of much more advanced stage of 
development than would be expected for the time the processes 
were operating or the processes operated longer than assumed. 

The Dawes soils south of Chappell are in a position no more 
favorable, and in places less favorable, for rapid development 
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Infiltration into Loess Soil. 

loessial material, wliich contains very little organic matter, 
and has been obtained at a depth of ten feet below the surface, 
does not take water as readily when exposed at the surface as 
does the dark surface soil. 

Table III. 


Effect of organic matter within the soil or on the surface on rate 
of infiltration by loessial soil (McCalla, 19412). 

Length of tests, 1.5 hours 


Loess soil material 

Treatment 

Intake of water 
— Inches 

First Second 
test test* 

Intake in inches 
per hour at end of ; 
First Second 
test test 

Parent material 
(Peorian loess) 

None 

1.57 

0.77 

0 54. 

0 44 

Top soil (6 inches) 

None 

1.63 

0 86 

0,69 

0 55 

Parent material 

Straw, 4 1 per A. 

2 38 

1.31 

104 

0 76 

Parent material 
(Manured) 

Straw, 4 1. per A. 

4.27 

2.32 

2 54 

146 

Top soil (6 inches) 

Straw, 4 1 per A. 

6.50 

246 

2 90 

162 


* One day after first test. 


The relative intake of this loessial subsoil material and the 
dark virgin surface soil when bare and when covered with straw 
were given in Table III. These figures indicate that the par- 
ent material when exposed at the surface did not absorb water 
rapidly, and they also show that even the top soil when bare 
took in water but slightly more rapidly than the subsoil. This 
was due to the formation of a compact layer at the surface. 
However, when the two were covered with straw, the subsoil 
settled down to a considerable extent and the rate of intake 
was decreased more rapidly than was that of the top soil. 
Because of the more stable structure of the surface soil, it 
maintained a high intake rate for considerable time provided 
it was protected from direct action of raindrops. The dif- 
ference in the stability of the structure of the parent material 
and the virgin surface soil may be easily demonstrated by plac- 
ing a lump of each in water and observing the extent and more 
rapid rate at which the parent material breaks down. This 
lack of a stable structure of the parent material, together 
•with an absence of fine plant roots, which do much to bind the 
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soil together, indicates why the parent loess material is so 
easily eroded and trenched by gullying once the surface plant 
cover and the top soil are removed. 

SUMMARY. 

It appears from these results that the loessial soils studied 
have shown no special properties which allow them to absorb 
rainfall water at rates higher than those for many other soils. 
"When covered with straw all soils tested absorbed much greater 
quantities of water than when bare. The loess subsoil when 
exposed and subjected to rainfall quickly lost much of its 
capacity to absorb water rapidly, even when covered with 
straw. The bare top soil sealed over quickly, but when cov- 
ered with straw maintained a high intake rate for a longer 
period of time. However, in both the bare and covered condi- 
tion, the top soil of the loess had infiltration rates strikingly 
similar to the other soils tested, even though some of them 
were radically different in texture, parent material, and profile 
characteristics. 

In order to utilize as fully as possible the subsoil of the loess 
for deep penetration of plant roots, such as with crops like 
fruit trees or alfalfa, it is necessary to keep the surface of the 
soil protected by residues or otherwise in condition to absorb 
most of the rainfall. Even then it may not be possible at 
times to apply as much water as the plant could use. 

Retereitces. 

Duley, F. L., and Kelly, L L : 1939. Effect of soil types, slope, and sur- 
face conditions on intake of water. Nebr. Agn Exp. Sta. Res. Bui. 112 
McCalla, T. M.; 1942. Influence of biological products on soil structure and 
inflltratlon Soil Sci. Amer. Proc. 7; pp. 209-214. 

U. S. Soil Couseilvation Sehvice and Dept, op Agronomy, 

Universtiy op Nebraska, 
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CHARACTERISTICS AND USES OF LOESS 
IN HIGHWAY CONSTRUCTION. 

R. E. BOLLEN. 

ABSTRACT. Some of the properties of loess which arc important in 
highway construction are described and discussed Special physical tests 
of "soils,” which include loess, and which have been standardized by engi- 
neers, permit identification of their types and their expected performance 
as building material Disturbances of soils due to exposure in cuts and to 
various subsequent engineering operations have important effect on their 
properties. Ihere are also some regional variations in loess properties in 
different sections of Nebraska, which are indicated by a series of tests 
Performance of loess m subgrades, as binder m stabilized base courses and 
filler m bituminous surfacing are described 

T he knowledge of methods of classification of soil as devel- 
oped by soil scientists or pedologists has been used more 
and more during the past twenty years, and now, it has been 
found almost indispensable in highway soil surveys. Highway 
engineers today generally agree that soil studies are a very 
essential part of the engineering required in highway design 
and construction. 

Although soil is one of the oldest and most complex of the 
construction materials, the engineer knows the least about its 
physical and mechanical properties. He has considerable 
knowledge of most of the principal materials of construction, 
can usually find accurate and extensive physical data concern- 
ing them, and, generally, can predict with confidence how these 
materials will perform in a given structure. However, he can- 
not find corresponding data concerning soils, nor can he predict 
with certainty how a soil will perform in various structures. 

SOIL SURVEYS AND TESTS USED IN HIGHWAY DESIGN. 

The Nebraska Department of Roads and Irrigation is 
charged with the responsibility for the construction and main- 
tenance of the highways of the State. During the early activ- 
ities of the Department in the construction of low-cost roads, 
systematic soil studies were inaugurated, in an endeavor to 
gather general and specific information concerning the char- 
acteristics of soil which are related to highway construction. 
A progress report, Bulletin No. 6 of the Nebraska State-Wide 
Highway Planning Survey, was the first publication concern- 
ing these soil studies. 
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The general procedures followed by 'the Department of Roads 
and Irrigation in conducting soil surveys and performing the 
identification tests are described in the Methods of Tests of the 
American Association of State Highway Officials (A.A.S.H.O,) 
and in Bulletin No. 6 by the Highway Planning Survey. These 
surveys entail the field identification of soils, sampling, loca- 
tion of areas which carry surface and underground water, and 
observations of road subgrade conditions and of soil conditions 
adjacent to highways. 

The most important uses of the soil survey in the design 
of grades and surfacing are to determine: (A) The require- 
ments for compaction of embanbnents. (B) The necessity of 
subsurface drainage and its extent. (C) The location and 
extent of undesirable subgrade soils. (D) The most suitable 
types of surfacing. (E) The thickness of the surfacing 
required. (F) The location of acceptable local material 
deposits for surfacing and bases. Other uses of the soil survey 
are in landscaping, erosion control, and in foundation 
engineering. 


SOIL TESTS. 

Many soil terms and identification tests are common to the 
soil scientist and the engineer. Many of these tests have been 
standardized by engineers through organizations such as the 
American Association of State Highway Officials and the 
American Society for Testing Materials, and standard pro- 
cedures for these tests are found in the publications of 
these orgamzations.(l) These procedures differ from those 
used by soil scientists so much that comparable results may 
not be obtained when the same soils are tested by the two groups. 
Some of these are Mechanical Analysis, Atterburg Constants, 
Centrifuge Moisture Equivalent and Shrinkage Tests. Other 
tests made by the highway engineer and similarly used in the 
evaluation of soils are the Tri-Axial Compression Test, Shear 
Test, California Bea,ring Value Test, Consolidation Test and 
the Compaction Test. 

EFFECTS OF SOIL PISTTJKBANCE. 

The construction of highways affects the natural soil bodj 
and the (structure of the soil by creation of a number of dis- 
turbances, though these sometimes are not apparent. These 
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disturbances create additional problems to those already 
encountered in nature. Some of these are as folloivs. The 
disturbed and recompacted soil often has a much lower shear 
strength than the undisturbed soil- The construction of a 
high embankment causes considerable consolidation of the undis- 
turbed natural soil under the embankment. The construction 
of impermeable and semi-permeable pavement on subgrades and 
the densification of the soil in cuts and embankments interferes 
with the normal evaporation and creates seasonal transient 
water tables. Snow removal operations on bituminous sur- 
faced or black-top roads leave snow on the shoulders. This 
causes differential temperature conditions in the soil under the 
shoulders and under the surfacing. The melting snow results 
in saturation of the road bed and potential frost damage. 
Drainage problems are often created by intercepting permeable 
layers of soil which rest on less permeable layers. Deep exca- 
vations made for bndge abutments and piers create settlement 
problems. 

MAJOR. MANTLE AND BEDEOCK AEEAS IN NEBRASKA. 

From the point of view of the highway engineer the existing 
division of Nebraska into seven major areas of mantle and bed- 
rock formations is suitable. When working in these areas he 
will know, to a varying degree of accuracy, the probable type 
of material which would be encountered in highway construc- 
tion. These seven regions are Bottomlands, Sand Hills, Gla- 
cial Drift Areas, Loess Uplands and Terraces, Clay and Shale 
Areas, the Mixed Area and Tableland Areas on Sandstone. 

The Sand Hills and The Loess Uplands present the most 
uniform soil conditions of any of the regions as far as the 
highway engineer is concerned. These two areas include a 
total of approximately 50,000 of the 77,000 square miles in 
Nebraska. The Loess Uplands comprise approximately 30,000 
square miles, and the loess is quite a common material used in 
the construction of highways. 

EXTENT AND VARIATION OF LOESS. 

In general, throughout the Loess Uplands and Terraces, 
excavations made in lulls during highway construction do not 
penetrate through the Peorian Loess blanket. On the flat 
uplands the Loveland Loess is seldom exposed. The glacial 
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drift area, located in the eastern part of the state, has been 
covered with loess deposits but erosion has removed much of 
them leaving in some places only loess-capped hills. Highway 
excavations in southeastern Nebraska frequently cut through 
the loess caps on hills and expose bedrock and glacial deposits. 
These abrupt changes present different problems than those 
encountered in the loess in the Loess Uplands and Terraces. 
The loess is also often mixed with glacial materials during 
grading operations. 

The physical characteristics n't the material in the loess blan- 
ket are quite uniform. However, there is a tendency toward 
higher clay content, higher plasticity index, and lower sand 
content as the distance from the sand-hill area increases. The 
loess in the bluffs along the Missouri River may be an exception. 
These tendencies are based on studies of soil profiles encountered 
in highway planning surveys, which were made both before and 
after publication of Bulletin No. 6. 

The Loess underlying soils of twelve series in twenty-four 
counties in Nebraska were included in the study of the varia- 
tion of physical properties of the loess. Four arbitrary zones 
were established, with an increasing distance from the geo- 
graphic center of the Nebraska Sand Hills. Figure 1 shows 
the location of the zones, the limits of which are somewhat 
generalized. 

Table I shows the average of tests of the Loess underlying 
each soil series in each county which was included in the study. 
The average tests of loess were obtained for each county, and 
all county means were then averaged for each zone. The aver- 
age test values for a county which is cut by a zone line were 
used in the mean zone values for the zone in which the greater 
area of the county is included. The mean zone values for per 
cent sand, per cent silt, per cent clay, and the plasticity index 
are shown in Figure 2. 

The test values used in the construction of this chart are 
comparative and not absolute. If an attempt is made to cor-' 
relate these values with test values from other methods of 
test some differences may be found. In the tests shown on 
this chart the silt is generally lower and the clay content is 
generally higher than in tests performed by other organiza- 
tions. This may be due to degradation of the sample during 
mechanical dispersion. 
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Fig, 1. Location of zones used in determining variation of loess in state 
of Nebraska. 
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Physical Properties of Peorian Loess UBderlying Various Soil Series in Certain Counties in Nebraska. 
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Table I (Continued). 

Physical Properties of Peorian Loess Underlying Various Soil Series in Certain Counties in Nebraska. 
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Fig. 2. Variation of sand, silt, clay and plasticity index of loess with 
respect to distance from geographic center of sand hills in state of 
Nebraska. 
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CHAEACTERISTICS OF LOESS IN SUBGEADES OE EMBANKMENTS. 

The greatest quantity of loess utilized in highway construc- 
tion is used in the construction of subgrades. The average 
loess is considered a fair to poor subgrade material in most 
locations. It is classified by the Public Roads Administra- 
tion’s system as an A-4 su'bgrade soil. It labsorbs water 
readily and softens to such an extent that it becomes unstable. 
It has a high rate of capillarity, especially when the silt content 
is quite high; and when the loess has access to water, detri- 
mental frost heaving may occur during severe winters. This 
heaving causes differential vertical displacement of the sur- 
facing which results in a rough and sometimes dangerous rid- 
ing surface. Subsequent thawing results in a soft and unstable 
area of the subgrade which may be the cause of failure of the 
surfacing under normal traffic loads. 

When the clay content of the loess is near the maximum 
and the silt near the minimum it is a more suitable sub- 
grade material. The higher clay content reduces the rate of 
water intake, produces more cohesion under similar water con- 
tents and decreases the elastic dharacteristics. The higher clay 
content also maintains a more uniform - water content during 
wet and dry cycles. 

In the eastern part of Nebraska where the highway excava- 
tion frequently cuts through or nearly through the loess, many 
highway grades result in a soil profile containing a shallow 
layer of Peorian Loess which rests on Loveland Loess or glacial 
clay. When these latter materials have a higher clay content 
or a higher density than the overlying Peorian Loess they per- 
form as an impervious horizon and prevent or retard the 
downward percolation of surface water. Thus a potential 
source of capillary water is created which may later cause 
detrimental frost heaving. 

One of the outstanding characteristics of the loess is its 
ability to stand practically vertical in highway cuts and drain- 
age channels. When the sides of a cut are sloped during con- 
struction operations the subsequent erosion of the cut slopes 
presents maintenance problems. 

CHAEACTEEISTICS AS SOIL BINBEE. 

Soil Binder is a term describing the material which supplies 
the cohesion to blended mixtures known as stabilized soil base 
course mixtures. These mixtures are composed of soil, fine 
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sand, and graded sand-gravel aggregate. Loess is often used 
as soil binder. The aggregations of particles can be easily 
pulverized so that the preparation of the loess m base course 
construction is relatively simple. Loess which contains a high 
per cent of clay produces better soil binder than does loess 
which contains a lower per cent of clay. 

The function of the soil binder is to produce cohesion and 
embedding properties in the stabilized soil mixture so that it 
can be compacted to a high density which does not change 
with changing water contents. The Public Roads Administra- 
tion has published considerable data on the selection and use 
of soil binders. (2) 

CHARACTERISTICS AS MINERAL FILLER. 

Mineral filler is a tei-m which describes the finely divided 
material passing the No 200 sieve and which is used as a 
stiffening agent in the asphaltic mateiial incorporated in bitu- 
minous surfacing mixtures. Filler material is considered as 
that material which furnishes the preponderance of particle 
sizes passing the No 200 sieve. Commercial mineral filler is 
pulverized by grinding. Limestone dust and Portland Cement 
are the major commercial mineral fillers. 

Loess and numerous soils are used as mineral filler in high- 
way surfacing construction in Nebraska instead of commercial 
mineral filler due to their low cost and availability. The loess, 
which is selected for use as mineral filler, should have a high per 
cent of silt and a low per cent of clay in order that it will be 
easy to pulveraze and not form clods or aggregations if it 
should become wet after pulverization. 

The bitumen absorption of the mineral filler is a cliaracter- 
istic which affects the economy of its use. The absorption of 
the loess is the lowest of any filler except pulverized silica. 
Detailed descriptions of the standard tests and of special tests 
of filler as well as test values of many fillers including loess are 
reported in the proceedings of the Association of Asphalt 
Paving Technologists. (3) 

Although the loess is the most uniform of natural construc- 
tion materials there is sufficient variation in its characteristics 
in most profiles that it can be used for two dissimilar purposes 
in highway construction, that is, either as soil binder or as 
mineral filler, in addition to its use in subgrades and embank- 
ments. 
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DISCUSSION. 

Pate: Size-particle distribution indicates that there is essen- 
tially an axis or focal point in the sandhills, which would sug- 
gest this as the point of origin for the loess. 

Bodlen: When making a comparison of this type, using a 
limited number of samples, we could not change county distri- 
bution any. When comparisons are made in different dis- 
tricts we get some results which appear to have certain tenden- 
cies but they seem to disappear after a greater number of 
comparisons are made. 

Pate: The heavy soil material in the southeastern part of 
the state is apparently of loess origin and is farthest from the 
sandhills. 

ScHUiiTZ referred to J. C. Mahr*® thesis on calcium carbonate 
or lime content of loess which confirmed what Bollen said. 

Stout • If these data seem to indicate that much of our loess 
comes from sandhills source, perhaps some of this information 
would suggest that at least a part of our loess is from that 
source area rather than from a glacial source area. I wonder 
what percentage comes from the sandhills. I suspect that as 
we get toward the margins O'f these areas, one will find local 
source areas becoming more important The sandhills are 
perhaps one major source area of the loess. 

Bollen: The bluffs along the Missouri River were excepted 
because they appeared to be quite different. Knowledge from 
other tests seem to indicate that this loess is somewhat different 
from the rest of the loess in the state. 

Refebekces. 

1 Standards of the American Society for Testing Materials. Methods of 

Tests Part II 1942, The American Association of State Highway 
OflScials. 

2 Public Roads, A Journal of Highway Research Published by the 

United States Department of Agriculture, Bureau of Public Roads, 
September, 1929; May, 1936; November, 1938; March, 1939. 

3 Bollen, R E . Jan 1937, The Selection and Use of Mineral Fillers; 

Trexler, R N , Olmstead, F R , and Bollen, R. E ; Dec. 1937, Com- 
parison of Tests Used to Evaluate Mineral Fillers in the Proceedings 
of the Technical Sessions of the Association of Asphalt Paving 
Technologists 

Nebraska Dept, op Roads and Ihrigation, 

UisrivERsiTr of Nebraska, 

Lincoln, Nebr. 



OBSERVATIONS ON THE PROPERTIES OF 
LOESS IN ENGINEERING STRUCTURES. 

W. I. WATKINS. 

ABSTRACT. Most of the studies on the physical properties of loess have 
been made for the purpose of determining their agionomic relationships. 
In the last two decades some investigators have devised methods of evaluat- 
ing the physical properties of soils and loess and from the resulting infor- 
mation have drawn up specifications for handling the different materials to 
obtain the best results when they are used in engineering construction. 

This paper gives some personal observations on the properties of loess 
and loess-like materials which affect their behavior in engmeering struc- 
tures. Most important of these Are texture, chemical composition and the 
amount of moisture absorbed and held. These properties control the move- 
ment of water and the formation of ice during frost periods. 

T he ob-servations assembled in this paper are made on what 
is generally known as Peoinan loess or loes's-like material. 
Most of the earlier studies of loess had a purpose to determine 
its origin and mode of deposition or agronomic relationships 
of the physical and chemical properties of soils developed from 
it. Only in recent years specific studies on use of loess in 
engineering structures have begun. In the earlier studies no 
distinction was made between samples taken from parent loess 
and soil. However, it seems that many loess samples can be 
recognized when going through these early records. 

Analysis of the earlier s-tudies discloses moisture relation- 
ships of loess which vary with its texture and structure and the 
chemical composition of the coUoids. Tliese properties, when 
measured and evaluated, give valuable information to the soil 
engineer regarding desirability to use, a given loess in con- 
struction and possibility of handling or treating it in such 
way that its usability will be improved. 

Loess absorbs and holds large amounts of water, especially 
when hulked or disturbed and not compacted. When saturafed 
it may he very unstable. Moisture relationships can he meas- 
ured to some extent by the Atterburg soil tests, mechanical 
analyses, and other laboratory tests, but it is doubtful if 
methods now used are the best that can be devised for determin- 
ing the soil properties which affect engineering properties. 

Some data on the textural analyses of loess are assembled 
on Table I. 
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The meager information furnished by the selected analyses 
in Table I indicates that most of the loess contains from 2 to 
35 per cent of very fine sand, less than 35 per cent of clay, and 
60-70 per cent of silt. Tins seems to agree fairly well with 
the analyses by Kay.^ The four samples from northeastern 
Iowa and southeastern Minnesota differ radically from the 


Table I. 


Samples 

Location 

No. 

Variation in % 
ofVFS. 

(0 1-0 05 mm ) 

Variation in % 
of silt 

(0 06-0 002 mm) 

Variation in % 
of clay 
(0.002 mm 

Nebraska 

11 

1.8 - 

81 

61.1 _ 

723 

216-334 

S. D. Reconn. 

1 

2. 



76 3 

20 4 

Colorado 

2 

10 

10.5 

67 8 

69 6 

19, 19 9 

Kansas 

3 

82 

9. 

63 7 

71.2 

20.2 26 6 

NE Iowa 

2 

204 

344 

63 4 

68 4 

14 16 

S.E. Minn. 

2 

318 

35 6 

60 6 

63 6 

1.2 1 8 

NW Iowa 

3 

16 

30.7 

60 7 

70.6 

28 7 8 5 


^ These analyses were taken from records of the Bureau of Plant Indus' i v . 
Soils, and Agricultural Engineering, United States Department o^f Agrinil- 
ture Exact locations are given in the records. 


other samples in the per cent of very fine sand and clay. Thoy 
contain about 30-35 per cent of very fine sand, 60-68 per cent 
of silt, and less than 2 per cent of clay. Russell’s (1944) 
analj’-ses for loess or loess-like materials from different places 
are given in Table II. 


Table II. 


General Location 

Per cent 
Very fine sand 

Per cent 
Silt 

Per cent 
Clay 

Germany . 

.8 

76 

4 

Mississippi . 

. . , . 7 

88 

3 

Louisiana, Sicily Is 

4 

88 

8 

Louisiana, Sicily Is 

(Leached Loess) . . 4 

91 

5 

Delhi, Louisiana . 

21 

66 

11 


These samples show a generally greater per cent of silt than 
the samples taken in the northern part of the Mississippi Val- 
ley. Because different methods have been used for making 
mechanical analyses, textural analyses are not always 
comparable. 

^ Kay’s particle-size limits cannot be converted exactly to those given in 
Table I 
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Vanderford and Albrecht (1942) included parent loess 
samples in their studies of a series of seven soil profiles extend- 
ing from Sioux City, Iowa, to Vicksburg, Mississippi. These 
show a general increase in the per cent of silt and a decrease 
in the per cent of clay in southward direction. Their data 
substantiate the other textural data shown above. Vanderford 
and Albrecht also made chemical studies which showed a varia- 
tion in base exchange capacity which was not directly related 
to the per cent of clay: They have rather complete chemical 
data on these samples but unfortunately no physical tests. 
From the viewpoint of the construction engineer it would be 
interesting to know the extent to which the physical properties 
of samples tested vary with the chemical properties. 

Data collected by Mahr (1937) indicate that the loess in the 
northeastern and southwestern parts of Nebraska has a higher 
per cent of lime than in the rest of the state. The samples were 
taken at depths ranging from seven to nine feet, depending 
upon the depth of the loess deposit. Data obtained by the 
Testing Division of the Nebraska Highway Department show 
that this highly calcareous loess has a different physical 
behavior than loess containing less lime. The area of distribu- 
tion of highly calcareous loess at the confluence of the Mis- 
souri and Sioux Rivers in northeastern Nebraska has a fanlike 
shape and the loess extends into parts of western and north- 
western Iowa, southwestern Minnesota, and southeastern South 
Dako'ta. Other isolated areas are scattered over the Sioux 


EXPLANATION FOR PLATE 1, 

Fig. I. Condensed vapor rising from road backslope The dark colored 
zone in the backslope had absorbed sufficient heat to thaw. The air tem- 
perature was about freezing and caused the moisture vapor to rise from 
the warmer backslope. Same phenomenon takes place within the soil Tlie 
moisture vapor which is moving from the warm to the cold area results m 
ice accumulation. 

Fifi 2. Smaller amount of vapor is rising from the lower part of back- 
slope whidi is of lighter color. The vapor follows up backslope in layer 
This is probably due to air current caused by warm air just above soil and 
varies in thicloiess with darkness of soil and heat absorbed. 

Fig 3. Dark streaks forming “V” across road are frost heaves Heave 
is due to loess-like silt in clay drift Inside part of “V” had been excavated 
and backfilled with same kind of material as found in remainder of cut. 
Heave is due to differential accumulation of ice in the two materials. 
Moisture vapor moves more freely through the silt than through the clays 
with smaller pores 

All photographs were made in Minnesota in 1930. 
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Fig. 1 

One frost heave plus thawing weather and a heavy load result in a frost boil 
which IS not in loess but in loesshke silt. The same unstable condition has been 
observed throughout road cuts in loess. Photographed in Minnesota in 1939. 

Fig. 2. 

Samples of frozen soil the fissures appearing in the photographs are ice 
lenses The soil is not loess but is a loesshke silt and the photographs are 
visible evidence of the ice formation which causes the heaving. The total 
amount of ice is much greater than would form from the moisture present. 
About 1/3 of natural size. 


Fig 3. 

The photographed trench was put in to drain the loess, with no success as 
the photograph indicates. It shows diffeiential heaving in loess and the 
medium to coarse sand in the center of the trench. The pores in the sands 
were sufficiently large to allow for all the expansion that took place when the 
moisture vapor froze. 
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Analyses of C Horizon (Parent Material) of Nebraska Soils Developed on Loess. 
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River drainage basin. There may be some relationship between 
the area of high-lime loess in northeastern Nefbraska and the 
Sioux River drainage system and the old broad flood plain 
at the junction of the Missouri and Sioux Rivers. 

The question arises, what effect docs this difference in texture 
and in chemical composition of the colloids have on the use of 
loess in engineering construction. The texture bears an impor- 
tant relation to the per cent and size of pore space. Tlie min- 
erals present in the loess and especially the chemical composi- 
tion of the colloids influence the phj^sical behavior of the loess. 
The per cent of montmonllonite in the colloid is especially 
important. 

The data in the tables III and IV do not seem to show any 
marked variation in the chemical composition of the Nebraska 
loess. There rs, however, a decided variation in the plastic 
indexes of the different samples. The differences in the plastic 
index seem to be more closely related to the per cent of clay 
than to the chemical composition of the loess. These data 
indicate the desirability of more complete and better correlated 
investigation; especially desirable is more complete sampling 
of profile and physical analysis of more samples for which 
costly chemical analyses have been made. 

The following observations were made in a road cut in the 
loessial region of northeastern Iowa in 1929, see Text Fig. 1. 

The loess on the backslope was frozen to a depth of about 
four inches. When the temperature became warmer, thawing 
the frozen soil and loes's, the gray loess in zone D thawed to a 
depth of % to % inch and the thawed portion slid down the 
backslope like molasses. The amount of water accumulated 
as ice in the soil material above the clayey till was sufficient to 
produce upon thawing, a liquid mass with loss of tensil strength 
and stability. An interesting feature was the absence of sliding 
in zone C which had a light or moderate yellowish-brown color 
but had practically the same texture as zone D. Zone C 
crumbled and the small particles rolled down the slope although 
there was no pronounced granular soil structure as in zones A 
and B. The soil granules in zones A and B were loosened by 
thawing and also rolled down the backslope. 

The one or two feet of gray loess just above the till con- 
tained sufficient moisture that it was in a liquid condition and 
continually flowed into the hole which was bored to examine 
it. The same condition has been observed in different areas 
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where soil materials are of similar texture, and it demonstrates 
how much water loess will hold where percolation is retarded 
by impervious or slowly pervious substrata. 

When using loess and loess-like material for engineering struc- 
tures it becomes apparent that methods for determining phys- 
ical properties and the proper handling and treatment of 
the loess are essential to obtain the best results in structures. 
Should the loess be compacted or treated in an effort to pro- 
duce granulation, or should the pore space be reduced by the 
addition of colloids or clays ? If so, what should be the chem- 
ical composition of the clays if they are to produce the desired 
physical properties ? 

It seems doubtful that compaction would be permanent, 
especially in structures where the loess would be subjected to 
radical changes of moisture and temperature. Compacted 
loess, however, may prove very stable when used where climatic 
changes have little or no influence, as in cores for road grades, 
small dams, etc. If loess is used only in cores of such struc- 
tures, and erosion-restraint materials are used for exposed 
parts, the severe effects of erosion or washing could be 
eliminated. 

During periods of temperature changes there is a movement 
of moisture in the form of vapor, toward the cooler area, see 
Plate 1, Figs. 1 and 2. This movement of moisture vapor is 
greatly accelerated during freezing weather, especially when the 
temperature ranges from freezing to' decidedly wann within 
24 hours or less. Water vapor frequently escapes from holes 
extending through the frozen layer to the underlying moist 
layers. Thus, it is not difficult to understand why moisture 
vapor condenses and freezes under a concrete slab. Layers of 
ice two to four inches thick developed by this method are not 
uncommon. Ice is usually thickest near the joints where the 
temperature and air pressure variations are greatest. These 
variations are due to the fact that more heat is absorbed bv the 
black joint filler and much heat is reflected from the light- 
colored slabs. The heaving of ice near joints in the concrete 
causes a rocking motion in cars driven over such a road, see 
Plate 1, Fig. 3. The amount of ice formed and the differential 
heaving that occurs vary with texture and size of pores in the 
materials, availability of moisture, and rate of frost penetra- 
tion, see Plate 2, Fig. 3, 

Observations have shown that in some places the loess or 
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looss-lilce silt in th.€ su^bgrade was almost air dry three to four 
feet below the surface, owing to the movement of water vapor 
to the colder upper two to three feet adjacent to the concrete. 
In one place where the silt was underlain by sand at about 
four feet, the silt and part of the sand layer below had been 
almost completely dried out. Yet the upper two feet of the 
loess contained sufficient frozen moisture to saturate, on thaw- 
ing, the dry silt and most of the sand below the frozen layer. 
In many instances the ice forms as lenses within the silt, see 
Plate 2, Fig. 2. The number of these lenses and their thickness 
depend upon the rapidity of frost penetration, texture of the 
loess, and available moisture supply. The rapidity of frost 
penetration itself is determined by a number of factors. Con- 
siderable experimental work on frost action has been done by 
Tabor (1930). 

Pebbles found in several hundred soil cores which were taken 
during frost penetration had ice on the lower sides but none 
on the upper sides. This indicated clearly the character of 
moisture movement. 

A quagmire develops whenever the ice in loess thaws, see 
Plate 2, Fig. 1. Thawing progresses downward most rapidly ; 
therefore, a saturated layer exists just above a frozen layer. 
Loess in such places has no' stability and gives way or flows 
under flexible road surfaces and comparatively light loads. 
The amount of load needed to cause the saturated loess to flow 
depends upon the surface covering of the road and per cent of 
water in the loess. Frequently, the saturated loess will flow 
under its own weight as may be observed on backslopes of road 
cuts. 

It would seem desirable for all research studies made by 
geologists, pedologists, and soil engineers to be correlated to 
the end that each study will contribute information to all 
parties interested and duplication of effort will be avoided. Of 
course it is recognized that some agencies will need more 
detailed data than others and will doubtless need to collect 
supplementary information to suit their peculiar needs. 
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FOSSILIFEROUS HORIZONS IN THE 
“SILLERY FORMATION*’ NEAR LEVIS, 
QUEBEC. 

FRANCO RASETTI. 

ABSTRACT New fossiliferous localities were discovered in the vicinity 
of L^vis, Quebec, in rocks that have hitherto been assigned to the “Sillery 
formation.” A 1700 feet thick section of strata in clearly recognizable 
order is described. At the base of this section is a shale with thin layers 
of limestone, containing Lower Cambrian trilobites; this horizon is desig- 
nated as the AmtinvUla zone. Somewhat higher in the section is a 
limestone conglomerate, whose boulders also yield Lower Cambrian fos- 
sils. Near the top of the section, thin limestone beds in the shale yielded 
a few fossils that appear to he of Canadian age ; this horizon is designated 
as the EUsaapis zone. 

The conclusion of this work is that the “Sillery,” even within the lim- 
ited area investigated, includes strata that are similar lithologically, but 
on paleontologic evidence prove to belong to widely diiferent ages Hence 
these rocks will have to be subdivided into several formations when their 
stratigraphy is better understood. 

A new genus, Pagetides, eight new species of Lower Cambrian tri- 
lobitesj and EUsaspis, a new genus of Canadian (P) trilobites are described. 
The systematic position of the eodiscids is discussed 

INTRODUCTION. 

T he belt of lower Paleozoic rocks that crops out on the 
south shore of the St. Lawrence river for over 200 miles 
below Quebec City has not yet been assigned a precise place 
in the stratigraphic column. Most of these rocks are usually 
designated, after Logan, by one formational name, the “Sil- 
lery,” although there is no convincing proof that they belong 
to one formation; but all the attempts toward a subdivision 
have remained unsuccessful (1-6).* 

It now appears likely that the “Sillery” represents an assem- 
blage of formations which, notwithstanding a remarkable litho- 
logic umformity, probably range from Lower Cambrian to 
Canadian. 

Fossils had been found in place in rocks assigned to the 
“Sillery” only within two limited areas. Grey shales at the 
typical locality yield a brachiopod, described by Billings as 
* Numbers in parentheses refer to the literature cited. 

Am. Jouit Sci — ^VoL 243, No 6, Juste, 1946. 
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Obolella pretiosa and recently referred by Ulrioh and 
Cooper (7) tO' the genus Botsfordia. According to these 
authors, this fossil indicates a Lower or Middle Cambrian age 
for the shale in question. When the use of the name, “Sillcry,” 
is properly restricted, it should 'be reserved for rocks that are 
cofoiTnational with this shale, whidh will henceforth be desig- 
nated as the Botsfordia pretiosa shale. The other fossil local- 
ities lie two hundred miles to the northeast, in the region of 
M^tis and Matane. Howell (8) has recently shown that these 
outcrops are probably of Canadian age. 


DESCmPTION OP THE OUTCEOPS. 


The section here described is exposed ait Ville Guay, 4^ 
miles east of L^vis, on the south shore of the St. Lawrence 
river. A regular succession of strata begins near two con- 
spicuous bands of conglomerate, and can be followed eastward 
for about half a mile. Beyond these limits, strong folding 
and faulting obscure the stratigraphic succession; but within 
the limits of the section here described, the sitrata maintain an 
approximately constant strike and dip. Moreover, none of 
these strata are concealed, and hence any angular unconform- 
ities that might be present could be readily observed. 

The strata strike N. 32° to 35° E. (magnetic) and dip 60° 
to 70° to the east. The succession in ascending order is the 
following. 


Feet 

Grey, rusty-weathering shale, with a few thm, generally len- 
ticular beds of impure, dark grey, fossiliferous lime- 
stone {Awtinvillia zone, fossil locality 1). . . . ll-f. 

Conglomerate, containmg grey limestone pebbles in a sand- 
stone matrix. No fossils were observed in the pebbles. . 12 


Grey shale, with thin sandstone beds. . 12 

Limestone conglomerate, with very little paste. Many of 
the boulders are abundantly fossiliferous, and contain 
a Lower Cambrian fauna (fossil locality 2). .. 10 

Grey and green shale, with thm sandstone beds. . . 610 

Alternatmg layers of shale and thick-bedded sandstone . . 3S 
Grey and green shale with thin sandstone beds . . 240 

Alternatmg layers of shale and thick-bedded sandstone 140 
Grey and green shale .... . 110 

Red, grey and green shale . . . . 360 

Green and grey shale. . . ...... 36 

Grey shale, with six or seven layers, 2 to 3 inches thick, of 
dark-grey, sparsely fossiliferous limestone {Etlsaapis 
zone, fossil locality 3). . . 3 

Green shale 90 
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Equivalent strata, but in a much more disturbed condition, 
are expO'sed across the river, on the south shore of the Island 
of Orleans. Here fo'ssils were collected only from the con- 
glomerate boulders (fossil locality 4). 

AGE OP THE STEATA. 

The paleontol'ogic evidence enables one to draw conclusions 
only about the age of the strata at the two widely separated 
horizons where fossils were collected in place. The fossils 
occurring in the conglomerate boulders are of little use for this 
pui*pose; hence the latter fauna will not be descnbed, excepting 
a few species which are interesting for their relationship with 
the fauna of the thin-bedded limestone at locality 1 . 

The fauna of the thin-bedded limestone at locality 1 includes 
the following species : 

AustinvUlia hicensis Resser. 

Bonma sp. 

Pagetides amplifrons Rasetti, n. sp. 

Pagetides pustulosus Rasetti, n. sp. 

Pertomma punctata Rasetti, n. sp. 

The writer suggests the name, AustimMia zone, for this 
horizon, since AustimnlUa is a well-characterized trilobite, 
known from the Lower Cambrian of the southern Appalachians 
and other areas. Bonma is a prolific Lower Cambrian genus 
of wide geographic distnbution an North America. PeHomma 
is also a Lower Cambrian genus. All these trilobdteB appear 
to indicate an approximate correlaltion with the Fo'rteau of 
Labrador and Newfoundland and the Shady of the southern 
Appalachians, although it is possible that the AustmailUa zone 
is somewhat younger than the above-mentioned formations. 

No precise correlation could be attempted even if a larger 
fauna were available, since little is known at present about the 
stratigraphic range of Lower Cambrian genera (9). 

The conglomerate boulders at the localities 2 and 4 yield 
a large fauna. Fossils in this conglomerate were first dis- 
covered by Ells (3), and three species, Nisusia (Jamesella) amii 
Walcott, Kootema ellsi (Walcott), and Periomma malcotti 
Resser, have been described. The writer has assembled a large 
collection of trdlobites from these boulders. The following 
genera have been recognized: Alokistocare, AustmoiUia, Bicas- 
pis, Bonnia, Kootema, Olenoides, Paedeumias, Pagetia, Page- 
tides, Periomma, Periommella, Prosacamthoides, PtycJiopareUa, 
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SolenopleureUa, Syspacep}ialw8» Wamerioy Zctcanthoides. Sev- 
eral of these genera range from the Lower to the Middle 
Cambrian, but the presence of the olenellids proves beyond 
doubt that the age of the fauna is Lower Cambrian. Two of 
the species, AmtmoUUa hicensis and Fagetides ampUfrom, also 
occur in the thin-bedded limestone of the AmtkmlUa> zone, and 
the other species of this zone have close relatives in the con- 
glomerate. Hence we may conclude that the boulders are 
at least approximately of the same age as the AvetwviUia zone. 
It must be emphasized, however, that lithologically the two 
limestones are quite different, the boulders indicating that they 
were derived from a massive limestone. It is a well-known 
fact (10) that it has been impossible to discover the source of 
any of the limestone boulders of different ages that occur in 
conglomerates in the L4vis area and farther east on the shore 
of the St. Lawrence river. 

There remains to be discussed the fauna of the thin-bedded 
limestone at the locality 3, 1600 feet above the Lower Cambrian 
AmtimMlia zone. Unfortunately, the material available is 
very scarce and rather poorly preserved. It includes two 
species of brachiopods and a trilobite. Dr. G. A. Cooper, to 
whom the brachiopods were submitted, informed the writer that 
no positive identification could be attempted with the material 
in hand, but that the twc species suggest OrtJds pcmderiana 
Hall and Clarke and Orthie? hillmgsi Ulrich and Cooper (not 
■piartt). These species were d^cribed from Billings’ limestone 
no. 2 at Levis, and hence are probably of Canadian age. The 
trilobite is quite distinctive, but unfortunately belongs to a 
new genus and species, and it cannoit be used for correlation. 
It IS here described as EUsaspn elliptic a, and the horizon from 
which the fossils were collected is designated the Ellsaspis zone. 
It is hoped that students of early Paleozoic faunas may be 
able to recogmze this trilobite from strata of known age and 
hence more definitely to determine the stratigraphic position 
of the EUsaspis zone. It will tentatively be assumed, on the 
evidence of the brachiopods, thaJt the EUsaspis zone is of 
Canadian age. One conclusion may be drawn with certainty, 
i.e., that the EUsaspis zone is younger than Lower Cambrian, 
and hence the described strata are not overturned. This is 
important, since the “Sillery” rocks often present o-verturned 
folds, and previous workers usually were not certain in which 
order their sections were described. 
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The evidence now available does not enable one to make any 
definite statements about the B.ge of the strata between the 
Lower Cambrian AmtvmnUia zone and the supposedly Canadian 
EUsaspis zone. Although no angular or erosional unconform- 
ities could be observed an the section, it is likely that long 
time intervals are not represented. 

Little can he said about the relative stratigraphic position 
of the strata here described and other .sections of the “S'illery,” 
since the latter are usually unfossiliferous. We do not know 
whether the Batsfordia pretiosa shale is represented in the 
Ville Guay section, as this fossil could not be found there. 
Lithology can be of little aid, owing to the uniform type of sed- 
imentation that appears to have prevailed in this area during 
the Cambrian and the early Ordovician. 

The general conclusion that may be drawn from the dis- 
covery of the new fossiliferous locahties, is that the rocks that 
have been indiscriminately assigned to the “Sillery” range 
over a vast time interval, and will have to be subdivided, once 
their stratigraphy is better understood. This task will be a 
particularly difiicult one, owing to the extreme scarcity of fos- 
sils, the complicated structure, -and the unreliability of litho- 
logic criteria. 
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SYSTEMATIC DESCEIPTIONS. 

TMLOBITA. 

Order EODISCIDEA Richter. 

Since the species here described bring some new contribu- 
tion to the knowledge of the eodis-cid trilobites, a few remarks 
regarding the affinities of this group seem appropriate. Sev- 
eral authors realized the distinctness of the eodiscids from most 
of the other trilobites and erected for them a special taxonomic 
group. Thus Jaekel(ll) divided the trilobites into two orders, 
Miomera and Polymera, the former containing the agnostids 
and the eodiscids. Richter(12) and Kobayashi(13) respec- 
tively used the superf-amily Eodiscidea and the suborder Agnos- 
tida in the same sense a,s Jaekel’s Miomera. Whitehouse(14) 
first recognized the deep distinction between the agnostids 
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and the oodSsicidls, and while admitting the primary division of 
the trilobitos into Miomera and Polymera, isuhdivided the fonner 
order into the suborders Eodiscidea and Agnostida. 

Lately, students of early Paleozoic Crustacea have realized 
that the distinction between the agnostids and all of the other 
trilobites is of a more fundamental nature than had hitherto 
been suspected, and Resser(15) first proposed that the agnos- 
tids should constitute a subclass equal in rank to the trilobites. 
This classification has been adopted in Shimer and Shrock’s 
“Index Fossils of North America.” 

Once the agnostids have been separated from the eodiscids, 
there remains the question whether the latter are sufficiently 
distinct from the other tnlobites to be placed in a high-ranking 
taxonomic group (such as an order or a suborder) by them- 
selves. The writer believes that this is the case, since there 
appear to be no known forms to bridge the gap between the 
eodiscids and the multisegmented trilobites. 

The Eodiscidea might be characterized as follows Small 
trilobites with subequal cephalon and pygidium, and two or 
three thoracic segments. Fixigenes generally separated in 
front of the glabella by a longitudinal depression Cephalic 
rim usually with a row of tubercles, pits or radial impressions. 
Animal either blind, and then lacking dorsal cephalic sutures , 
or possessing eyes and small libragenes of the propanan type. 
Pygidium usually rather elongate, with a long axis m which 
several segments (usually 5 to 10) are represented. Genal 
spines lacking; occipital spine usually developed. Strati- 
graphic range : Lower and Middle Cambrian. 

At first sight, the distinctness of the eodiscids from other 
trilobites would seem to be impaired by the existence of such 
forms as some of those here described under the genus Page- 
tides. The cramdia of these species bear some resemblance to 
those of certain ptychoparid trilobites, particularly of such 
genera as Periomma which possess a wide convex rim. How- 
ever, the writer believes that this resemblance is purely super- 
ficial, as it applies only to the cranidium. It must be con- 
sidered that these ptychoparid tnlobites have opisthoparian 
sutures and relatively large libragenes with strong genal spines, 
a multisegmented, tapering thorax and an extremely small 
pygidium. It is now generally admitted by students of tnlo- 
bites that caudaiizataon is a progressive character (16, 17) 
The fact that the eodiscids already present such a high degree 
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of caudalization, and corresponding reduction of the number 
of thoracic segments, as early as the LoTver Cambrian, when 
mo'st other tnlobites were just at the beginning of the process 
of caudalization, shows that the eodiscids represent a branch 
that had very early diverged from the main line of development 
of the trilobite stock. Probably this differentiation had 
already taken place in the pre-Cambnan. 

On the other hand, there seems to be little doubt about the 
homogeneity of the eodiscids. Forms that possess libragenes 
and eyes and forms that do not are so similar in all other 
respects that their close relationship is obvious. Among the 
suture-beanng forms, there is an almost continuous series of 
species that bridge the gap between the more typical eodiscid 
trilobites and the forms whose cranidium assumes a superficial 
ptychoparid aspect. The species described in this paper bring 
some new evidence on this point. 

Thus the whole of the known evidence seems to favor the seg- 
regation of the eodiscids in a special order or suborder. 

Genus PAGETIDES Rasetti, n. gen. 

Small propawan tnlobites with cephalon and pygidium of 
subequal size. Glabella narrow, cylindncal or slightly tapered, 
faintly furrowed, most elevated posteriorly, extended into a 
strong occipital spine. Fixigenes as wide as the glabella, con- 
vex, attaining their maximum relief posteriorly; separated in 
front of the glabella by a depression. Rim of variable width 
in the different species ; widest in front and narrowing toward 
the genal angles. Rim marked with a row of more or less dis- 
tinct radial impressions. Ocular ridges indistinct ; palpebral 
lobes of moderate length, very narrow, submarginal in position, 
separated from the fixigenes by distinct furrows. Facial 
sutures directed straight to the lateral margin of the cephalon 
both in front and behind the eyes. Hence the libragenes (miss- 
ing in all the observed specimens) must have been only as long 
as the palpebral lobes ; their position was vertical, on account 
of the great convexity of the posterolateral portions of the 
head. The posterior branch of the facial sutures reaches the 
margin in advance of the genal angle by a distance equal to the 
length of the libragene. The narrow lateral rim is continued 
behind the libragene, then turns around the genal angle, with- 
out being produced into a spine, and merges with the posterior 
rim, which is set off by a well-impressed intramarginal furrow. 
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Thorax unknown. Pygidium of about equal length and 
width, strongly convex. Axis narrow, almost reaching the 
posterior margin, with five to eight segments. Pleural lobes 
smooth, except for the anterior intraraarginal furrow; rim 
extremely narrow. 

Genotype, Pagetides elegans Rasetti, n. isp. 

The genus appears to differ from Pagetia in the longer and 
more distinct palpebral lobes, cephalic rim of less uniform 
width and with less distinct radial impressions, and in the lack 
oif an axial spine on the pygidium. 

There is the possibility that the species here described as 
Pagetides should be referred to Hehediscus^ but the writer pre- 
fers not to do so on account of the very doubtful status of 
this genus. Whjitehouse(14) based the genus on Ptychoparia 
attlehorensis Shaleir and Foerste, described from the Hoppin 
of Massachusetts; but he evidently had in mind the complete 
specimens from England, assigned to that species and figured 
by Cobbold(18), who referred them to Pagetia. Resser(19) 
has stated that the specimens fro'm England and Massachu- 
setts are not oonspecific ; but, as a matter of fact, from the 
descriptions and illustrations it is not even apparent that they 
are congeneric. It is likely that the English specimens repre- 
sent an eodiscid ; while the real Ptgchoparia attlehorensis from 
Massachusetts, on which Hebediscus musit be based, may be a 
trilobite of ptychoparid affinities as it was originally described. 
Hence it is not certain that Hebediscus is, as Whitehouse meant 
it to be, a genus of ©odis'cids, and the present forms, which in 
the writer’s mind are true eodiscids, are not referred to it. 


EXPLANATION OF PLATE 1 

Figs, 1-6. Pagetides amplifrona Rasetti, n. sp, 1, holotype cranidium, x8 
(loc. 4); 2, 3, cranidia, xdj 4, 6, pygidia, x6 (loc. 2). 6, cranidium, x6 
(loc. 1) 

Pigs. 7-10. Pagetides leiopygus Rasetti, n. sp., x6. 7, cranidium; 8, 9, top 
and side views of holotype cranidium; 10, pygidium (loc. 2 and 4) 

Figs 11, 12 Pagetides miamtus Rasetti, n. sp, x6. 11, holotype cranidium; 
12, pygidium (loc. 4). 

Figs. 13, 14. Pagetides pastidos'm Rasetti, n. sp. Holotype cranidium, x6 
and xl2 (loc. 1) 

Pigs. 15-18. Pagetides elegans Rasetti, n. sp, x6. 15, 16, top and side 
views of holotype cranidium; 17, another cranidium; 18, pygidium 
(loc. 2) 

Fig. 19, Periomma pmiefata Rasetti, n. sp Holotype cranidium, x6 
(loc. 1), 

Figs, 20-22. Bonnia sp. undet., x6. 20, cranidium; 21, 22, pygidia (loc. 1). 
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“SUlery Formation” Near Lems, Quebec. 
PAGETIDES ELEGANS Rasetti, n. sp. 

Plate 1, Figs. 16-18 

This species is represented by finely preserved material that 
shows every detail of the cranidial and pygidial features. The 
fixigenes are strongly convex transversely, and rise as high 
as the glabella. They are separated m front of the glabella by 
a longitudinal depression that joins the anterior furrow to 
the dorsal furrow. The rim is rather well defined, narrow, 
and somewhat expands backward at the center. Glabellar and 
occipital furrows faintly impressed at the sides ; occipital spine 
rather short, pointed, somewhat upturned. The side view of 
the holotype clearly shows the position occupied by the small, 
vertical, proparian libragene. 

Pj'gidium wider than long, well rounded posteriorly. Six 
or seven axial furrows are visible. The dorsal furrows arc 
deep, but the axis does not rise much above the pleural lobes. 
Length of largest cranidium 4 ram. 

Holotype and paratypes ; Laval Univ. nos. 304 a-c. 

Lower Cambrian boulder at locality 2. 

PAGETIDES MINUTUS Rasetti, n. sp. 

Plate 1, Figs 11-12 

The cranidium of this form differs from the preceding 
species in possessing a slightly wider nm. The glabella is some- 
ivihat pointed in front, and the occipital furrow is impressed 
on the sides. The occipital spine is narrow, upturned. 

The associated, pygidiuin has shallower dorsal furrows than 
in the preceding species, and only three or four axial furrows 
are visible. Length of largest cranidium 2 mm. 

EXPLANATION OF PLATE 2 

Pigs 1-4 AiistiavUUa hicensis Resset, x6. 1, 2, incomplete cranidia (loc. 

1) ; 3, 4, top and side views of cranidium (loc. 4) 

Pigs. 5-8 ElUaspis elUptica Rasetti, n. gen , n. sp., x6, 6, pygidium ; 6, 
artificial oast of the holotype cranidium, a natural mold; 7, another, 
poorly preserved cranidium; 8^ drawing of cranidium, x3, based on 
the above-figured specimens (loc 3). 

Pigs. 9-12 Pngetia bUlingsi Rasetti, n. sp , x6. 9, cranidia, the larger one 
being the holotype; 10, side view of holotype cranidium; 11, 12, pygi- 
dia (loc. 2). 

Pigs. 13-18. Pagetia ellsi Rasetti, n. sp, x6. 13, cranidium; 14, 16, side 
and top views of holotype cranidium; 16, 17, side and top views of 
pygidium; 18, side view of another pygidium preserving the axial 
spine (loc 4) 
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Holotype and pai'atype : Laval Univ. nos. 302 a-b. 

Lower Cambrian boulder at lomlity 4. 

PAGETIDES LEIOPYGUS Rasetti, n. sp. 

Plate 1, Figs. 7-10 

Cranidium similar to that of the preceding species, differing 
only in the wider frontal rim. 

The pygidium that occurs associated with this cranidium is 
almost completely smooth, the dorsal furrows being faintly 
indicated and the axis hardly rising above the general convexity 
of the shield. Length of largest cranidium 2.5 mm. 

Holotype and paratypes : Laval Univ. nos. 301 a-f . 

Lower Cambrian boulders at localities 2 and 4 (holotype from 
former locality) . 

PAGETIDES PUSTULOSES Rasetti, n. sp. 

Plate 1, Figs. 13-14 

In this species, the glabella is lesis parallel-sided than in the 
preceding ones, tapenug both in front and at the posterior 
end, where it extends into an occipital spine lof unknown length. 
Rim as wide as in P. leiopygubSt with faint radial impressions. 
Surface of fixigenes covered with small tubercles. 

An imperfect associated pygidium has a prominent, furrowed 
axis and smooth pleural lobes. Length of holotype cranidium 
2.5 mm. 

Holotype and paratypes : Laval Univ. nos. 303 a-c. 
Thin-bedded limestone at locality 1. 

PAGETIDES AMPLIPRONS Rasetti, n. sp. 

Plate 1, Pigs. 1-6. 

This species is chiefly characterized by the great expansion 
of the rim at the center. Hence the cranidium is proportion- 
ately narrower and longer than in all the preceding species. 
The anterior and dorsal furrows join in a fairly wide, depressed 
preglabeBar area. 

Glabella subcylindrical, almost furrowless, extended into a 
wide, blunt, slightly upturned occipital spine. There is just 
a suggestion of the occipital furrow at the sides. Ocular 
ridges are faintly visible on some of the specimens under proper 
lighting. 
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Tlie oranidaiim of this species superfidially resembles those 
of certain ptychoparids, but the proparian sutures show that 
there is no relationship with that group. 

The pygidium which undoubtedly belongs to this species (as 
it was found associated with the cranidia in several instances) 
is proportionately narrower and longer than that of P. elegans. 
The axis is narrow and strongly elevated, and eight segments 
are represented. The first two axial furrows are well impressed, 
the following are visible only on the central part of thfe axis. 
The pleural lobes show a few indistinct furrows, and possess an 
extremely narrow rim. 

Length of largest cranidium 4 mm., of pygidium 3 mm. 

Holoitype and paratj^s : Laval Univ. nos. 300 a-f . Lower 
Cambrian boulders at localities 4* (typical locality) and 2. 
An imperfect cranidium (Lava! Univ. no. 311) collected from 
the thin-bedded limestone at locality 1 is figured besides the 
types. 

Genus PAGETIA Walcott, 1916. 

Species of Pagetia have been described from the Middle 
Cambrian of the Cordilleran province, Kashmir, China and 
northeastern Australia. So far the genus has not been 
reported from Loiver Cambrian strata, although some species 
occur in the earliest Middle Cambrian {Ptarmigania zone of 
the Wasatch mountains). The presence of Pagetia associated 
with Olenellids in the conglomerate boulders near L6vis there- 
fore represents an extension of the known stratigraphic range 
of the genus. There appears to be no significant difference 
between the Middle and the Lower Cambrian forms, unless 
it be in the number of thoracic segments, which in the species 
here described is unknown. 


PAGETIA ELLSI Rasetti, n. sp. 

Plate 2, Pigs. 18-18. 

There is little to distinguish the cranidium of this form 
from those of certain western species, such as P. bootes Wal- 
cott and P, fossula Resser. The glabella is almost furrowless, 
tapering and terminates into a slender occipital spine; the 
occipital furrow is impressed -at the sides The fixigenes are 
most elevated at the palpebral lobes ; the small libragenes must 
have stood almost vertical. In front of the glabella, the fixi- 
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genes are separated by a wider depression than the narrow 
longitudinal furrow of P. hooies and P. fossvla, Rim as in 
the western ispecies, with a row of radial impressions. Genal 
angles angular but not extended into spines. 

Pygidium almost identical with that of P. fossrda. Axis 
strongly convex, with five or six distinct segments. There is 
a tubercle on each segment, and a long, somewhat upturned 
terminal spine. Pleural lobes strongly convex, unfurrowed. 

Length of largest cramdium (exclusive of the spine) 2.5 mm., 
of pygidium 2 mm. 

Holotype and paratypes : Laml Univ. nos. 306 a-m. 

Lower Cambrian boulders, locality 4. 

PAGETIA BILLINGSI Rasetti, n. sp. 

Plate 2, Figs. 9-12 

Compared with the preceding species, the cramdium of this 
form differs in possessing a less tapenng glabella, and a more 
depressed rim. 

The pygidium is remarkable for the low axis, w'hich hardly 
rises above the general convexity of the shield. The axial 
furrow's are faintly indicated on some specimens. The axis 
terminates into the usual spine. 

Holotype and paratypes: Laval Univ. nos. 306 a-c. 

Lower Cambrian boulders, localities 2 and 4 (types from the 
former locality). 


OEDER TJNDETEEMINED. 

Genus BONNIA Walcott, 1916, 

BONNLA. sp. undet. 

Plate 1, Figs. 20-22. 

A few pygidia and an imperfect cranidium of a species of 
Bormia were recovered from the Austinvillia zone. Specific 
identification is not attempted, as the material is too frag- 
mentary ; however, this form is either identical with or exceed- 
ingly similar to species that occur m the Forteau and in the 
equivalent boulders at Bic and other localities. 

The glabella has a surface oniamentation consisting of con- 
centric ridges, as often observed in species of Bormia, The 
posterio'r part of the cramdium is not preserved. 

The pygidium has the structure typical of the genus. On the 
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outer test, only two faint axial furrows are Tisilble, and the 
pleural lobes appear practically furrowless. Exfoliated exam- 
ples show one or two more furrows on the axis, and faint fur- 
rows on the pleural lobes. 

Laval Univ. nos. 307 a-e. Thin-bedded limestone at local- 
ity 1. 

Genus AUSTINVILLIA Resser, 1938. 
AUSTINVILLIA BICENSIS Resser. 

Plate 2, Fjgs. 1-4 

Austinvillia bicensia Resser, 1938, Geol. Soc. Am. Special Papers, No. 16, 
p. 61, pi. 3, figs. 6, 7. 

Examples of this species occur in both the conglomerate 
boulders and the thin-bedded limestone of the Amtmaillia zone. 

The specimens were carefully compared with casts of Resser’s 
types, and failed to reveal any significant differences. A few 
details may be added to Resser’s brief description. 

Glabella tapering, straight-sided, truncated in front. Three 
pairs of short, extremely shallow glabellar furrows. Occipital 
segment obtusely expanded, bearing a small tubercle. Fixi- 
genes rising rather steeply from the dorsal furrows. Ocular 
ridges wide, made more promanent by the depression of the 
fixigenes anterior to the eyes; palpebral lobes small but ele- 
vated. Anterior facial sutures slightly divergent. Along the 
anterior margin of the cranidium, the suture is intramarginal 
on the ventral side, as in several genera of Lower Cambrian 
trilobites. Whole surface covered with fine granules. Length 
of largest cranidium 7 mm. 

Plesiotypes from Lower Cambrian boulders at locality 4 
(Laval University nos. 308 a-d) and from thin-bedded hme- 
stone at looabty 1 (Laval University nos. 309 a, b.) 

Genus PERIOMMA Resser, 1937. 

PERIOMMA PUNCTATA Rasetti, n. sp. 

Plate 1, Fig 19. 

This species is represented by one imperfect cranidium. 
Glabella tapering, truncated in front, with three pairs of fur- 
rows faintly impressed at the sides. Occipital segment obtusely 
expanded in the middle. Rim wide, convex ; pre-glabellar area 
narrower than the nm, with a faint boss in the middle. Fixi- 
genes only partly preserved. The most distinctive feature 
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of this species as the strongly punctate surface of the test. 
Length of cranidium 6 mm. 

Holotype : Laval Univ. no. 310. Thin-hedded limestone at 
locality 1. 

Genus ELLSASPIS Rasetti, n. gen. 

The characters of the genus are those of the only knoiwn 
species. 

Genotype, Ellsaspis elliptica, n. sp. 

ELLSASPIS ELLIPTICA Rasdfcbi, n. sp. 

Plate 2, Figs. 6-8. 

Cranidium subelliptical in shape, twice as wide as long, 
strongly convex longitudinally and moderately convex trans- 
versely. Glabella oval, defined by an extremely faint dorsal 
furrow on the impression of the lower surface and probably 
altogether undefined on the upper surface of the test. Glabella 
occupying aJbout five-sixths of the leng'th and one-third of the 
width of the cranidium. Glabellar furrows probably wholly 
absent on the outer surface. On the impression of the lower 
surface, under proper lighting three pairs of glabellar furrows 
can be seen in the shape of oval pits ; the furrows of the poste- 
rior pairs are situated about halfway between the dorsal fur- 
rows and the middle of the glabella, those of the anterior pair 
closer to the dorsal furrows. There also is a small pit in the 
dorsal furrow alt each anterolateral angle of the glabella. 
Occipital furrow extremely shallow, defining a very narrow 
occipital segment. 

Anterior margin of the cranidium with a narrow, flat rim 
of even width. Intramarginal furrow well impressed on the 
posterolateral limbs. The course of the facial sutures cannot 
be definitely determined from the imperfect maiterial available. 
It is certain, however, that the libragenes, if any were present, 
must have been short and narrow, since there is only a short 
distance between the extremities of the anterior rim and of 
the posterior intramargiinal furrow. The presence of palpebral 
lobes cannot be definitely ascertained. Surface of test smooth. 
Length of holotype cranidium 3.5 mm. 

An associated pygidium is referred to this, species. It is, like 
the cramdium, rather sitrongly convex and almost furrowless. 
The dorsal furrows are faintly indicated on the anterior third. 

The writer is unable to suggest Ihe possible affinities of this 
tnlobite. Among Cambrian smooth forms, Kmgstonia resem- 
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bles EUsaspis in scwiie respects, but bas radically different 
facial sutures. Among Ordovicifan tnlobites, EUsaspis vaguely 
resembles certain Illaenids, but the shape of the glabella and 
of the glabellar furrowis is altogether different. 

Thin-bedded limestone at locality 3 (Canadian ?). 

Holotype and paratypes: Laval University nos. 1250 a-c. 
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CALCITRO FISHERI. 

A New Fossil Arachnid. 

ALEXANDER PETRUNKEVITCH.* 

ABSTRACT. Tlie discovery by Mr. Fisher of fossil arachnid remains in 
onyx-marble from Arizona is reported and the probable geological age 
given on the authority of Professor McKee. A detailed description with 
photographs and line drawings establishes the fact that the fossils belong 
to a new genus and species for which a new family Calcitronidae is pro- 
posed. Tlie fossil belongs to the Order Schiaomida known as yet only by 
Sts recent representatives. 

T he present study is based upon two specimens found fos- 
silized in calcite and belonging to the “post-faulting” 
period of the Cenozoic. The fossils were discovered by Mr. J. 
W. Fisher, President of the Southwest Onyx and Marble Com- 
pany, in onyx marble pen bases cut and polished by the com- 
pany. Mr. Fisher showed them to Mr. Clinton G. Abbott, 
Director of the Natural History Museum of San Diego, who 
sent me one of the specimens for study in May 1944. On learn- 
ing of my interest in his discovery Mr. Fisher generously pre- 
sented the specimen to me, to enable me to make a more thor- 
ough study of the fossil by having it cut out of the pen base and 
mounted on a slide. That specimen, the type of the new 
species named in honor of the donor, is now in the collection of 
Peabody Museum of Yale University. 

The second pen base delivered in June was unfortunately 
damaged in transportation. It contained a centipede and was 
sent by me at the request O'f Mr. Abbott to Professor R. V. 
Chamberlin for situdy and description. Although the specimen 
was broken in half, it is hoped thatt the important diagnostic 
features remained intact and will fumisih additional interest to 
the discovery of this new source of fossil invertebrates. 

The third pen base containing the paratype was sent me 
for examination in September with the request that the pen 
base be returned intact. Fortunately this specimen lies so 
close to the polished surface of the pen base, that it can be 
studied without further manipulation. 

Scrapings of the first pen base were examined at my request 
by Prof. Adolph Knopf who pronounced them to be calcite. 

* (Contribution from the Osborn Zoological Laboratory of Yale 
University ) 
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The extraordinary interest attached to finding fossil Arach- 
nida in calcite and the necessity to determine, if possible, their 
Geological Age induced me to appeal for aid to Prof. Edwin D. 
McKee, Assistant Director of the Museum of Northern Arizona 
at Flagstaff and familiar with the region from which the pen 
bases came. Most courteously Professor McKee undertook the 
work first of locating the quarry and then determining the 
Geological Age of the calcite from which the pen bases were 
made. With his permission I quote from his letter to me, dated 
July 15th, 1944. 

“The Bonner quarry is located in a canyon on the north side 
of Black Mesa, about ten miles southwest of Ashfork, Arizona. 
The deposit is formed in shattered and brecciated redbeds of 
Permian Supai formiation on the down throw side of a large 
high angle fault. At tins locality the fault has a displacement 
of some hundreds of feet and the Supai beds are dragged 
down along the north side. The fault passes under and, there- 
fore, antedates basalt flows a few miles to the west and these 
are of a period I and considered to be of Pliocene Age. 

“The calcite forming the onyx marble has developed largely 
but not entirely along bedding planes as a series of layers in 
which crystals are oriented at right angles to the surfaces. 
Individual layers of calcite crystals are in many places sep- 
arated by thin films of red detrital sediment, probably dust that 
accumulated during periods of non-deposition of calcite. In 
most of the onyx marble layers there is evidence of a tendency 
to dome up in the centers and a resulting displacement of the 
red, silty shales above. The onyx marble also is devdoped in 
thin, vertical cracks and be'tween red siltstone fragments in 
breccia zones. A few open cavities were noted in w'hich sta- 
lactites, still with vertical attitude, had formed. 

“The top of the deposit is in most places 1 to' 3 feet below the 
surface of the bed rock, but this in turn is covered with an 
overburden of talus, 10 to 20 feet thick. The age of the 
deposit IS definitely “post-faulting” which means since the mid- 
dle of Cenozoic time, but deposition might have been any time 
from then up to the present. Similar deposits of travertine 
are forming today in many parts of the region where there 
are permanent or semipermanent flows of water.” (end of quote) 

From this statement it is clear that dead Arthropods washed 
into such flows of water or accidentally drowned in them could 

Am. Jotjb, Sor.— Vol. 243, No. 6, J^me, 1946. 

23 



322 Alea^ander Petrunhevitch. 

easily have been engulfed in depositing calcite. It is there- 
fore raifcher surprising that fossil specimens have not previously 
been found in such depotsits. A further search may bring 
to light much new material nearly related to the present fauna 
and yet distinct from it. 

When the first pen base was received it was 19 mm. thick, 
polished on the surface, brown in color and translucent in 
strong artificial light. The fossil was near the surface and 
plainly visible presenting its ventral surface to the observer. 
Through the courtesy of Doctor Dunbar, Director of Pea- 
body Museum, the sectioning was done for me by an expert of 
the Museum. Finally I myself polished down the piece to a 
thickness of 1 mm. and mounted it on a slide in clarite under 
coverglass, making examination of both sides possible in 
reflected as well as in transmitted light. Unfortunately it 
became immediately apparent that only the ventral body wall 
is present and that the segmentation of the abdomen is not 
rtsible from either side. The latter character is clear in the 
paratype which happens to be visible only from the ventral 
side. But although the carapace of the fossil under consider- 
ation is missing, the arrangement of the coxae and the struc- 
ture of the appendages leave no doubt as to its aflSliation. It 
belongs in the same group with the recent Tartarida (Schizo- 
peltidia) until now considered tO' be a Suborder of the Order 
Pedipalpi. In another paper I give the reasons why the Sub- 
order should be raised to the status of an Order and why its 
name is better changed to Schizomida. This is the first case of 
a fossil belonging to the Order Schizomida that came to light. 
Hitherto only representatives of Uropygi, Holopeltidia, and 
Amblypygi of the old Order Pedipalpi have been described as 
fossils, all from the Paleozoic. 

Although represented in various parts of the globe by 
recent species, the Order Schizomida is a very small one and 
consists of a single Family Schizomidae with three Genera, 
ScMzomm, Trithyrms and Stenochrus, comprising not quite 
three dozen species. All are small, terrestrial and more or 
less alike in appearance. All have nearly the same structure 
including the presence of three tarsal joints on the second, third 
and fourth pair of legs. The new fossil species has five 
tarsal joints on the second leg and four on the third and fourth 
leg. Such a difference clearly is of fundamental importance 
as otherwise a variation in the number of tarsal joints would 
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be found in recent species. The diiference seems to me to be of 
famiilial value and the new fossil Family Calcitromdae may be 
distinguished from the recent Family Schizomidae by the num- 
ber of tarsal joints. The new Genus Calcitro shows in addition 
to the familial characters its generic character in the shape of 
the fourth trochanter which is slightly longer than the cor- 
responding coxa. The name is a Latin noun meaning a Idcker. 
In Recent Schizomids the fourth femora are greatly distended 
and they are somewhat distended in the fossil species. The name 
was chosen by me, however, because its sound reminds one of cal- 
cite in which the fossil was found, even though the two words 
have nothing in common with each other. 

Order Schizomida, new name 

Family Calcitronidae, new 

Genus Calcitro, new 

Calcitro fisheri, new fossil species from the late Cenozoic of 
Arizona. Holotype, paratype and three other specimens, all 
found in onyx marble from the Bonner Quarry near Ashfork. 

DESCEIPTION OF HOLOTYPE. 

As shown in the accompanying photograph the specimen 
lies with its ventral side up and is incomplete. The foliovung 
parts are missing. On the left side of the animal the pedi- 
palp with exception of its coxa; patella, tibia and tarsus of 
the first leg (the patella of the first leg is always permanently 
fused ivith the tibia and not distinguishable as such) ; the 
metatarsus of the first leg is displaced forward out of its 
normal position; metatarsus and tarsus of the second leg; the 
third leg is complete, but its metatarsus and tarsus are broken 
off and displaced forward ; the fourth leg is also complete, but 
the proximal portion of the tarsus is so transparent that it 
may be recognized only by its hairs which remain clearly visi- 
ble, while the terminal joint with the claws is broken off and 
displaced backward. On the right side of the animal all 
appendages are complete, only the femur and tibia of the 
first leg are missing and the fourth leg is broken between the 
patella and tibia and the latter with the metatarsus and tarsus 
are displaced backward. The carapace is missing. The 
abdomen is so poorly preserved that segmentation cannot be 
made out. The tail is displaced to one side over the end of 
the abdomen and is not clearly visible. 

Total length from end of pedipalpal coxae to visible end of 
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abdomen 4.4) mm. Abdomen 2.9 mm. long, 1.6 mm. wide. 
Probable order of legs 1432 



Coxa 

Trochanter 

Femur 

Patella 

Tibia 

Metatarsus 

Tarsus 

Total 

I 

0 42 

0.31 

1.09 

missing 

135 

0.94 

0.99 

510 

II 

0.64 

0.27 

1.00 

0.40 

0.73 

0 62 

0.48 

3.94 

III 

0 40 

036 

1.00 

040 

0.73 

0 60 

0.67 

406 

IV 

0.40 

046 

1.13 

0.46 

111 

0.84 

0.66 

6 06 


The chelicerae are not visible. The structure of the pedipalpi 
and the arrangement of the coxae are typical of the Order 
(Text Pig. 5). The coxae of the pedipalpi are contiguous 
along their entire length and their mobility is therefore pre- 
sumably vei'y limited. The coxae of the first pair of legs are 
cylindrical, relatively thin and wide apart. The coxae of the 
second pair of legs are elongated cone shaped with the apices 
almost but not quite meeting in the median plane and the 
usual thorn at their anterior end present, but rather small. 
There is no indication of a stemite in the space in front of the 
second coxae although it is most likely that such a sternite 
typical of Recent species, must have existed and simply became 
invisible in the process of fossihzation. The coxae of the 
third pair of legs are only little wider at their apical end, 
and are sub-contiguous at their base. The coxae of the fourth 
pair are cylindrical and meet in the median plane. All tro- 
chanters are single jointed. Those of the pedipalpi have a 
distinct anterior apophysis, those of the fourth pair of legs 
are cylindrical and slightly longer than the coxae. 

The pedipalp becomes gradually more slender toward the 
end. Of interest is the fact that its patella is as long as the 
tibia and cylindrical, whereas in the legs, except the first, the 
patella is much shorter and of a shape characteristic for whip- 
scorpions and spiders. As already stated the patella is per- 
manently fused ivith the tibia m the first leg. The terminal 
joint of the pedipalp is more or less cone-shaped and ends in a 
slender, long and smooth, slightly curved claw. A spine is 
present on tlie ventral edge of the joint as shown in Text 
Fig, 5 A few hairs may be seen on the trochanter and on 
the terminal joint. 

The femur of the first pair of legs is slender, cylindnQal. 
But the femora of the second, third and fourth pair are dis- 
tinctly distended an the middle. However, the fourth femur is 
not nearly as much distended as in recent species. The tibia 
and metatarsus present no peculiarities, but the tarsus does. 



Line drawings. All made with the aid of a camera lucida. Figs 1-4 
are magnified 60 diameters. Figs. 6 and 6—46 diameters. Figs 7 and 8 — 
60 diameters 

Figs. 1 to 6 are drawn from the holotype. The legs numbered in their 
proper sequence. 

Pig 6 represents the ventral aspect of the abdomen in the paratype. 
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The number af its joints in the first pair of legs (Text Fig. 1) 
is the normal one for the Order, namely 7, the first joint being 
the longest, the second as long as the seventh Tvhich has no 
claw. The tarsus of the seco^nd leg (Text Fig. 2) is five- 
jointed, and has the usual three claws at its end. The upper 
claws are long, smooth, curved and slender, the third claw is 
much shorter, smooth, and fine. The tarsus of the third 
pair of legs is four jointed (Text Fig. 3), the first joint by 
far the longest, and the entire tarsus but little shorter than 
the metatarsus. The thi'iee claws are of the same type as those 
of the second leg, but not as well visible owing to the position 
of the leg. The tarsus of the fourth pair of legs is dis- 
tinctly shorter than the metatarsus, but considerably longer 
than the tarsi of the second and third legs (Text Fig. 4) . Its 
first and second joints are of equal length and considerably 
longer than the third and fourth joints. The shape of the 
fourth joint suggests that the claws are born on an onychium 
which seems to be here better developed than on the third and 
second tarsi. The claws are of the same type and are well 
visible in profile. Hair is present on all legs. It is short 
and of the simple kind. 

The abdomen is undoubtedly distended, presumably by pres- 
sure, possibly by the presence of eggs. In reflected light it 
appears to be uniformly white, but in transmitted Hght one 
can see in the middle some rounded bodies which are much 
darker than the surrounding portions. No traces of segmen- 
tation can be seen either in reflected or in transmitted light. 
The tail is barely visible, somewhat displaced to one side, 
superimposed over the end of the abdomen. 

The holotype bears the catalogue number Y.P.M. 17380. 

DESCRIPTION OF PARATYPE. 

As already stated the paratype is in the second pen base of 
onyx-marble sent to me for examination. The pen base is 
rectangular, three quarters of an inch thick, 6%X4^ inches, 
with a circular excavation of 1% of an inch in diameter for the 
reception of an ink-well in the median line of the block not far 
from its back. The fossil, well visible to the naked eye, is 
close to the surface and with its venter up, as showm in the 
photograph. In some respects it is better preserved than the 
type, but unfortunately can be studied only by reflected lights 
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The chelicerae are not visible. The left pedipalp is complete, 
the riglit one broken in two places and displaced. Both legs 
of the first pair are broken. The two end pieces consisting of 
the metatarsi and tarsi are displaced forward and are parallel 
to each other. Except for this displacement of its anterior 
portion the left first leg is complete, but of the right first 
leg the tibia is missing. The second left and the third and 
fourth legs of both sides are complete. The second right leg 
is broken at the end of the tibia and two of the pieces lie 
separately. The coxae are poorly visible. The abdomen is 
complete and its segmentation plainly visible in reflected rays 
striking the segmentation lines at right angles. As shown in 
Text Fig. 6, 11 stemites are visible. The first stemite is tri- 
angular and occupies the space between the fourth coxae. 
The second stemite represents undoubtedly the fused second 
and third abdominal somites as is usual in Recent Schizomida. 
There is even something like an indication of its composite 
nature in the presence of a thin line in front of the posterior 
intersegmental line. The last segment is almost as long as 
wide and shows a circular depression in which the tail is 
inserted. The latter seems to be three-jointed, although on 
account of its position slightly turned up at the end and 
because of some imperfection of the rock in that place, the 
number of segments is difficult to make out with certainty. 
A few hairs are plainly visible on the tail, but neither the gen- 
ital opening nor any respiratory openings can be seen in the 
places on the abdomen where they are found in recent species. 
My experience taught me that these structures are extremely 
rarely visible in fossil arachnids. 

The coxae are not as plainly visible as in the type. Never- 
theless one can make out with certainty that their disposition 
is the same and the second coxae show the apical spur quite 
plainly. The sternum is not visible. Exact measurements are 
somewhat difficult and therefore given here to the first decimal 
only. Total length from the anterior end of the pedipalpal 
coxae to posterior end of tail 4.0 oDom. Abdomen to base of 
tail 2.5 mm. long. Order of legs 1432. 


I 

II 

III 

IV 


Coxa-f-Trocli. Femur Pat— f-Tibia Metatarsus Tarsus 
0 ® 12 1.0 10 1.0 

0® 10 1.0 0.6 0.3 

0 ® 1,2 10 0.6 0.6 

0.6 1.2 14 0.8 0.7 


Total 

48 

34 

40 

4.6 
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In the same pen base with the paratype three other fossils 
are present, which I refer to the same species. All three are 
somewhat smaller and poorly preseiwed. The one which lies 
about 25 mm. from the paratype at a place corresponding to 
1 h. on a clock dial is better visible than the other two and 
shows at the end of the abdomen a three- jointed tail. 

In the same pen base with the type and now, like the latter, 
cut out, polished and mounted on separate slides, were two 
fossil appendages. The first of these shown in Text Fig. 7 
seems to be four- jointed, the last two joints forming a chela. 




Fig. 7. A chelate appendage of an undetermined fossil on the same pen 
base with the holotype, magnified 60 times. 

Fig. 8. Another chelate appendage of a fossil found in the same pen 
base with the holotype. 

Immediately behind the basal joint two other very thin and 
long appendages recognizable as such by the presence of hair 
are visible. One of these is bent upward, the other extends 
forward and crosses the chela. They are omitted from the 
drawing because no detail may be made out. I am at a loss to 
suggest even the Class of Arthropods to which this remnant of 
a fossil belongs. 

The appendage No. 2 represenlted in Text Fig. 8 is larger 
than the one shown in Text Fig. 7 and relatively stouter. As in 
the latter the movable finger which is the more slender one is, as 
the drawing shows, the ventral one. The segment posterior to 
the hand does not look like a portion of the appendage which I 
am inclined to consider as being two- jointed. That segment 
must be therefore representing either the carapace or a capit- 
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Photographs Calcitro fisheri, n g., n sp Holotype on the left, paratype on the right, both at a magnification of 10 dia- 
meters Both photographs were made in artificial reflected light without rayfilter, on an orthochromatic plate. 




Calcitro Fislieri. 
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ulum as found in mites. The appendage is a chelicera, but 
cannot be one of a Schizomid, because in Schizomida the mov- 
able finger is always the dorsal one. Several long, slender 
and hairy appendages not shown in the drawing are visible 
in various positions, but so disrupted and so poorly preserved 
that nothing definite can be said about them. Behind the seg- 
ment mentioned above another piece is visible. It may be the 
body proper of the fossil badly torn and pressed out of shape. 
The fossil may be a mite. 

The paratype bears the catalogue number Y.P.M. 17381. 

Refebexces. 

For the benefit of those not familiar with the recent Schizomida a few 
references are given here. 

1. Borner, Carls 1904i, Beitrage zur Morphologie der Arthropoden. Zool- 

ogica, Vol. 42, pp. 1-174 

2. Gertsch, W. J.s 1940, Two new American Whip-Scorpions of the Fam- 

ily Schizomidae. American Museum Novitates, No. 1077. 
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GROUND MORAINE: A TERM IN 
GLACIOLOGY. 

JOHN H. COOK. 


ABSTRACT. Since the introduction of the term ground moraine by Louis 
Agassiz, its significance has been altered so that what was originally 
intended as the name of subglacial till is now being extended to include 
the upper till, and even the assorted drift. 

B eing products of living thought, concepts are mutable; 

and the words employed to symbolize them, being fixed, 
are frequently unable to express and convey this mutability. 
In addition to what may be regarded as the normal (because 
unavoidable) discrepancies between concepts and their symbolic 
representations, there are discrepancies caused by inattention, 
persistent abuse, and by carelessness. From the latter kind 
of mischance the terminology of a branch of science is sup- 
posedly protected by the watchfulness of its devotees, but of 
the terms used in describing glacial phenomena some have 
slipped whatever moorings they m'ay have had; and among 
them none has drifted farther idian the term ground moraine. 

There was a time when the word moraine carried no impli- 
cation of association with a glacier. There was, to be sure, 
more or less moraine at the foot of an ice slope, but there was 
plenty of moraine elsewhere: it was the stuff in which you 
planted your turnip seed and buried your dead; and the gar- 
deners and grave diggers were not interested in geomorphology. 
The Old Savoy meaning appears to have been “loose, earthy 
material”; and, sance nouns denoiting material are frequently 
transferred to objects composed wholly or predominantly of 
that material, it is probable that all welts on the hillsides due 
to talus creep or to landslides (as well also the debris that 
slid onto the margins of glaciers) came to be known as 
moraines. But that this cognate concept took no account of 
any theory of origin is evident from the fact that those embank- 
ments which lay upon and crossed the valley-bottoms were also 
called moraines. 

It was these embankments of moraine which brought about 
the intimate and almost exclusive association of the word with 
glaciers. After the puhKcation of John Playfair’s Ulustra- 
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tione of the Huttonian Theory (London, 1802),^ some of the 
embankments in the Swdss valleys came to be recognized as 
indices of the former positions of an ice-foot; and in many 
parts of Europe the term was otherwise meaningless. 

When the interest of Louis Agassiz had been enlisted in the 
problem of a climate that ancientl3^ had favored greater exten- 
sion of the Alpine ice-rivers, he and his associates carried their 
investigations to the point where invention of new terms was 
inevitable. Among them was ground morame. Under the gla- 
ciers and over Ithe floors from above which (ilt was inferred) 
they had recently melted off, there were found patches of 
exceedingly tough “mud” enclosing striated stones, and evi- 
dently making up part of the surface over and upon which the 
ice moved. For this discontinuous layer, since it was neither 
“loose, earthy-material” nor an aggregate thereof built as the 
ice melted, the designation was not a particularly happy one. 
The most that can be said for it is that it then implied some 
sort of a deposit associated with a glacier. 

When seeking in England for evidences to support his 
hypothesis of planetary refrigeration, Agassaz was on the 
lookout for four things * “sheep-rocks,” moraines (meaning the 
end moraines of local glaciers), scratches on Ithe bed rock and 
exposures of that basement material, “stones impacted in mud.” 
At that time, what (later) came to be called the upper till 
was being interpreted as a deposit of marine origin, “the 
northern drift”; and theory had been elaborated to explain 
much of its detail. Whatever opinion Agassiz maj'^ have 
held concerning this “drift,” it ts certain 'that he would have 
met with little success in urging any other explanation for it. 
His “ground moraine,” however, was as characteristically gla- 
cial as the striae and sheep-rocks, and this eventually came to 
be known as the lower till. 

The distinction between upper and lower tills appears to 
have been made (and to have been understood in the original 
sense) by all who used the terms until the time when a glacial 
origin was first claimed for the “drift” (the upper till and the 
boulders). This attack upon a long established theory soon 
had geologists divided into opposing camps* the Glacialists 

^ Playfair had written : “for the removing of large masses of rode the 
most powerful engines without doubt which nature employs are the 
glaciers Before the valleys were cut out in the form th^ now are, . . 
huge fragments of rock may have been carried to a great distance . . .” 
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and the Diluvialists. The controversy that followed is as yet 
unsettled: the Diluvial-minded now have to keep the ocean ofiF 
from the mountain tops, but they are still disputing a strip of 
variable width along the sea coasts. (That, however, is 
another story.) What is more important to note is that, in 
the heat of debate, the Glaci'alis'ts became a bilt careless with 
terms. There is so little (comparatively) true ground moraine 
exposed to argue about, and so much of the dross dropped 
from the ice as it melted (but not heaped up in end moraines) 
that the “diluvion” overlying the ‘‘stones impacted in mud” 
needed a name. In some writings it was called the upper till ; 
but in Sweden both tills, so it would seem, were sometimes 
lumped together under one name, ground moraine. 

In 1876, Prof. Otto Torell of that country came to America 
and propagated this terminology as follows : “all the material 
deposited beneath the advancing ice, together tenth that depos- 
ited from the hose as an irregtdar sheet during the melting, 
constitutes the ground moraine.”^ And, since (in this coun- 
try) little attention had then been given to any division of 
the till into upper and lower, Torell’s classification was gen- 
erally adopted here, and the good term ground moraine began 
to drag its anchor. 

Let us, at this point, return to a consideration of the matter 
of concepts and their symbolic representation by words. There 
was once a culinary concoction known as mince-pie which 
derived the qualifying part of its name from the minced meat 
used in its construction. The thing symbolized underwent 
change but the symbol remained unaltered until, today, a few 
raiisins and bits of apple baked between crustis is called mince- 
pie. Similarly (1) to the “stones-impadted-in-mud” of Louis 
Agassiz was added the overlying dross from melting of the 
ice with both subsumed under one name; then: (2) because 
the added element is at the surface so much more abundant, 
it was allowed to absorb almost all of the meaning in the 
term which had been exclusively the name of the now slighted 
lower member. In the instance of mince-pie: it is necessary 
to remember only that there is no institution charged with 
the duty of guarding every-day speech from one generation to 
the next. In the case of ground moraine: one wonders how 

® Torell, O. * 1877, On the Glacial Phenomena of North America, Amer. 
Jour. Sci, 3rd Sers., 13, 76-79, 
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and why the change was brought about: doubtless Torell was 
merely the earner of a us'age already established. 

But, though the beginmngs may be obscure, there should 
be little difficulty encountered in tracing the perpetuation of 
this abuse in the Amencan geological literature. An elab- 
orate documentation is hardly called for; and the four cita- 
tions that follow will, it is thought, suffice to cover the sixty- 
odd year interval up to the present day. 

Fiest' The explicit statement of George H. Stone made 
in a paper read before the Boston Society of Natural His- 
tory on March 3d, 1880^: “Ever since the publication of the 
news of Prof. Otto Torell as to the drift of eastern North 
America . . . , the writer has regarded the classification pro- 
posed ... as substantially representing the succession of 
glacial deposits in Maine.” Stone did not, however, accept 
Torell’s addition to ground moraine, namely: ‘together with 
that deposited from the hose . . . during the melting*^ : he dis- 
tinguishes “the lower till, supposed to be the ground moraine 
of the continental glacier” from the “upper till, supposed to 
consist of the morainal detritus which was in the ice, and above 
the land surface.”^ 

The same terminology was employed by Hitchcock and 
Upham in the Geology of New Hampshire (1878). 

Second ; Discussion of the two tills in any one of the several 
articles written by T. C. Chamberlin to set forth his “Pro- 
posed Genetic Classification of Pleistocene Glacial Formations.” 
The text here followed appeared in 1894.® TorelPs lumping 
of the tills is considered likely to be misleading and new names 
are therefore proposed for the tills. 

Of the “formations produced by the direct action of Pleis- 
tocene glaciers” distinction is made between those “that gath- 
ered at the bottom of the glaciers” and those “derived from 
material borne on the glaciers and within them and deposited 
at their margins, or let directly doira by their melting, when 
stagnant.” “Of deposits originating under the ice” the recog- 
nition of subclasses is urged: drumlins, tumuli, billows, hills, 
ridges, and other modifications of the ground moraine each of 
which is raised to the rank of a concept having equal standing 

® Stone, George H.: 1880, The Kames of Maine Proceedings 20: 480-469. 

Ibid , 483-434. 

® Chamberlin; 1894, Jour. Geol. 2: 517-638 
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with “sheets of subglacial till” which are demoted to the status : 
“one form of ground moraines.” So now, for T. C. Chamberlin 
at least, every detail of the original ground moraine has 
become a, ground moraine, each one correlative wibh the other 
details. It is hardly a matter for wonder that in his dis- 
cussion he makes use of the old term but twice out of thirty 
occasions, its place being taken by “drift accumulations” (four 
times) and by “subglacial till” (twenty-four times). 

For the term “upper till” this author proposed “englacial 
or superglacial till,” the alleged reason for the new words 
being that the old term had been “also used to designate a 
reduplication of the subglacial till sheet.” Whatever may have 
been the justification, terminology was enriched( ?) , and science 
was given a few more tools to carry in order that it might 
advance more rapidly and smoothly. “Ground moraine” was 
snowed under, and might have been expected to disappear 
before the end of the century. 

Nevertheless, maps continued to appear showing areas which 
bore the color-symbol for “till”; and the reason therefore is 
not far to seek. An areal map exhibits what has been found 
by the surveyor; and that is not superglacial or englacial or 
su'bglacial tiU, but only what he interprets as having been 
super-, on-, or sub-, when the ice was here. Melting of any 
broad expanse of the glacier’s surface, whether the glacier is 
in motion or stagnant, gradually converts englacial till into 
superglacial till ; and, when the ice is finally gone, all that can 
be discerned is a sheet of merely till. (In many regions it is 
practically impossible to identify weathered ground moraine 
and to distinguish it from upper till.) 

The succeeding references are to publications that typify a 
more recent trend: the resurrection of Agassiz’s old term 
ground moraine and its use as a svhstitute for “upper till** 
a use which is neither warranted nor, in the writer’s opinion, 
wholesome; it is a return to that abuse in the terminology of 
Otto Torell (1876) noted above, an abuse which, whatever 
may have been its persistence in Europe, had not, previously, 
found favor with American geologists. 

Third: Plate 2 accompanying XJ. S. Geological Survey 
Bulletin No. 839, being a map showing surficial geology® based 
on field work carried on alt intervals from 1892 to 1921. TiU 

®La Forge, Laurences 1932, Geology of the Boston Area, Mass. 
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is not recognized as one of the glacial aggregates appearing 
within the limits of the map though there is much of it ; and 
areas known to the writer to foe till are given the color pattern 
and letter symbol which, so the legend proclaims, indicate 
“ground moraine.” Professor LaForge knew what he was 
mapping and cannot foe held responsible for tliis reversion to 
TorelPs nomenclature; why should the United States Geolog- 
ical Survey abandon Chamberlin’s term and adopt one formerly 
rejected not only here but also in Sweden 

Fourth: A study of the glacial features of a part of west- 
ern New York’^ in which the topography of what is called the 
Binghamton drift sheet is described, in part, as follows : “The 
Binghamton drift sheet exhibits a considerable variety of 
topographic forms which may, for simplicity, foe grouped 
into six types: ... (1) ... ; (2) Ground moraine blankets 
the interfluve uplands of the region covered by this drift sheet. 
It consists predominantly of till, though a few small kames 
and kame fields have been noted” (pp. 1157-8). So here we 
have “ground moraine” used to include not only the tills, but 
also some alt least of the kames and kame fields. Confusion 
worse confounded ! It is indeed possible that some of the kame 
forms will turn out to be modifications of the upper till and, 
as such, not to be classed with the assorted drift forms; but 
this also is another story. 

^ MacClintock, Paul, and Apfel, Earl T.; 1&44, Correlation of the Drifts 
of the Salamanca Re-entrant, New York Bui. Geol. Soc Am, 55: 1143- 
1164 
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GASTROLITHS FROM MINNESOTA.^ 

CLINTON R. STAUFFER. 


ABSTRACT. The Dakota formation is represented by conglomerates, 
sandstones and shales extending eastward into southern Minnesota. Some 
portions of these contain smooth and highly polished pebbles that are 
believed to be gastrohths. They seem to suggest the presence of dino- 
saurs on this part of the continent during the Cretaceous. 

INTKODTJCTION. 

D uring the late Paleozoic and early Mesozoic much or 
all of Minnesiolta appears to have been a land area that 
was undergoing erosion, deep weaithennig, or extensive leaching 
and solution of its limestone areas. The deeply weathered Pre- 
Cambrian, and the old residual iron deposits now found on 
top of the Paleozoics, may have been formed largely during that 
long interval of emergence from the late Paleozoic and early 
Mesozoic seas With the hegmmng of the Cretaceous, how- 
ever, sedimentation began over parts of what is now the 
sitate and a more deitailed recording of major events was 
restored once moie. During this time the land areas probably 
were suited to terrestrial inhabitants and undoubtedly such 
forms roamed over the Minnesota region. 

THE DAJCOTA EORMATION. 

Sandstones and shales representing the Dakota foraiation 
extend into Miinnesiot'a and have been identified by their well 
preserved flora. A meager molluscan fauna also suggests the 
same age for these deposits. Eastward the Dakota wedges out 
against older rocks of the central and eastern parts of the 
state. At New Ulm the formation is chiefly a sandstone but 
it contains conglomerates, shales and even thin streaks of 
lignite. Still fartiher to the east the conglomerates become 
somewhat coarser and constitute a larger proportion of the 
formation. In Olmsted, Mower and Fillmore counties some 
of the pebbles are quite large and many of them are chunks 
of rock of cobblestone size or larger. Most of these latter 
are flint or chert nodules that have weathered out of the under- 
lying rocks, hence have not been carried very far. In fact 

* Published by permission of the Director of the Minnesota Geological 
Survey 
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Many of them are noit even marked by erosion and thear sur- 
faces still show well preserved fossils of the formations (chiefly 
Devonian) from which they were derived. 

THE OSTRANDEB, MEMBER. 

The old gravels, lying below the loess and the drift of the 
southeastern region, are yellow to brown from the great quan- 
tity of iron oxide associated with them and the thin film of the 
same oxide that partly covers the pebbles, but the pebbles them- 
selves are white to pink quartz with flint and chert running a 
close third. Most of this iron within the conglomerate and 
associated with the pebbles or forming the cement, may have 
been derived from the residual iron of the old weathered sur- 
face below. In the southeastern region, particularly in Mower 
and Fillmore counties, these poorly cemented conglomerates 
or gravels take on much importance and have been widely used 
for surfacing secondary roads. Gravel pits in the formation 
are numerous and these beds have been named the Ostrander 
member^ of the Dakota formation, from the pits near the 
town of that name in southern Fillmore county. These yellow 
conglomerates or gravels should not be confused with the yellow 
glacial gravels, carrying numerous igneous pebbles, occurring 
in the same region and that have materials in part derived 
from the Ostrander. 

GASTBOniTHS. 

The pebbles in the gravels or conglomerates of the Ostrander 
member are well worn and some are smoothed or even polished 
by water action. Scattered among the common pebbles of the 
gravels, however, are larger ones, mostly chert, that are highly 
polished and at once suggest a somewhat different origin from 
that of the more usual ones. These highly polished pebbles are 
angular to subangular and rounded forms weighing up to four 
or more ounces. The polish is uniform over the whole surface 
and tends to extend into the pitted areas as well. The origin of 
these larger and highly polisihed pebbles is a problem quite 
aside from that of the residual chunks mentioned, or the origin 
of the water-worn quartz and flint pebbles that constitute the 
major part of the conglomerate. In most gravel pits opened 

^ Stauffer, Clinton R., and Thiel, George A.; 1941, Minnesota Geological 
Survey, Bull. 29, 103. 

Am. Jotm Sci— VoL 243, No 6, June, 1945 
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in this poorly cemented Ostrander member tliesc objects are not 
very common but an the pits and road cuts on the low ridge 
south of Bear Creek, near Racine, Mower county, they are 
fairly abundant. At least it is a place where one might be 
reasonably sure to find a few. Careful search, however, mil 
reveal them in nearly every pit where the Ostrander gravels are 
actively worked. 

The transportation or agitation of small pebbles and. sand 
grains in water may produce smooth surfaces, which, in the 
case of sand and small quartz pebbles, may approach a polish. 
That appears to be the cause of the smoothness of many of 
the ordinary pebbles of the Ostrander but it does not seem to 
apply to the high polish of the larger ones. The idea of dust 
polishing suggested itself as a possible explanation of the 
smooth surfaces of these pebbles. Ventrifacts are often well 
polished on the exposed surfaces and since it is easily shown that 
under certain conditions the pebble frequently may be turned 
completely over, such polish may cover the entire surface. Wind 
wear and polish may produce the characteristic unikanter or 
einkanter and the dreikanter diapes so well known in dry or 
arid regions. The polished surfaces of such ventnfacts arc 
likely to he “distinguished by their well-smoothed, fine matte sur- 
face and shallow irregular pitting,”^ but none of these attri- 
butes seem to apply to the smoothed and polished Ostrander 
pebbles of southeastern Minnesota. 

The first of these pebbles was found by Mrs. Stauffer while 
we were working along a hillside adjacent tq Highway No. 63 
some four or five miles southwest of Lake City, Wabasha 
county, during the summer of 1937. Later they were found 
from Goodhue and Bellechester on the north to Etna and 
Cherry Grove on the south and in nearly every exposure of the 
Ostrander gravels. Always they are the hard flint, or quartz 
pebbles with an 'occasional .stray that may be a banded jasper. 
Many of them may be located stratigraphically by their petro- 
graphic composition. Thus the first one found, or the one from 
a point near Lake City, is a piece of oolitic chert from the 
Shakopee formation. It is very highly poHshed and beautifully 
preserved. Others carry Devonian fossils and their horizon is 
thus determined. 

* Smith, H. T. U.: 1940, State Geological Survey of Kansas, Bull. 34, 
pi. 10. 

See also Baker, A. A., Dane, C. H , and Reeside Jr., J. B : 1936, United 
States Geological Survey, Professional Paper 183, 6, pis. 13 and 14 
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The suggestion that these highly polished pebbles are gas- 
troliths or gizzard stones of dinosaurs was one of the first 
conceived. A representative sdection of the polished pelbbles 
from a dozen or more Minnesota localities was compared with 
a handfull of gastroliths from the Trinity beds of Texas and 
another from the Morrison beds of Wyoming 'and still another 
handfull from the Mornson beds of Utah with most interesting 
results (Plates 1 and 2), Every feature shown by the pebbles 
from the plains and mountain states are present in the spe- 
cimens from the Ostrander beds of Minnesota. In fact when 
they were placed side by side it was impossible to distinguish 
any of them from the others. A dozen or more of the Ostrander 
pebbles were taken to a recent meeting and were exhibited to 
various members of the Paleontological Society. Everybody 
who saw them pronounced them gastroliths, although there was 
some hesitancy when told the specimens came from Minnesota. 
The fact is no finer collection of gastroliths can be made any- 
where than in southeastern Minnesota. There is no intention 
to attack or discuss the interpretation of gastroliths as the 
gizzard stones of ancient reptiles. The point is that here on 
the prairie in the Mississippi Valley, almost adjacent to the 
river, there are pebbles in an outer edge member of the Dakota 
formation that answer to the description of gastroliths and 
match those from widely separated regions. They are prob- 
ably as truly gizzard stones as any found anywhere in the 
United States. 

To date no skeletal remains oif dinosaurs have been found 
in the state, but the life conditions that are suggested by the 
Ostrander deposits are quite similar to those that must have 
prevailed farther to the west during the Morrison, and the 
land area now Minnesota doubtless was then a suitable habitat 
for the dinosaur and hence it probably wias inhabited by the 
reptilian hordes which we know were then roaming other parts 
of the continent. The Creitaceous csea that spread over other 
parts of the state a little later (Benton) had its marine rep- 
tiles and they have scattered their remains over tlie Mesabi dis- 
trict. Probably then too the adjacent shores teemed with 
reptilian life, although no certain evidence has been identified. 
Unfortunately in the north the glaciers did 'a rather thorough 
job of erasing the Mesozoic, and bhe drift has all but completed 
the task of burying the remnants too deeply for easy access. 
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CONCLUSION. 

The highly polished peibbles of Dakota age in southeastern 
Minnesota are probably gastroliths. If gastroliths are giz- 
zard stones and mean the presence of dinosaurs, it seems cer- 
tain that Minnes'dta was a part of their range during the 
Ostrander stage at least. Hence one may expect that sooner 
or later reptilian remains will be found in the remnants of the 
Dakota formation in Minnesota. 

UmVEBBITT OF MlKNEBOTAj 

Miitneapous^ Minnesota 




Fig 1 or upper natural size). 

Gastroliths from the Morrison beds at Kane, Big Horn Basin, 
Wyoming 

Fig 2 natural size) 

Gastroliths from the Trinity sand at Cross Cut, near Cross Flams, 
Texas 
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Fig 1 or upper natural size) 

Gastroliths from the Morrison beds, Cleveland, Utah 
Fig. 2 (J4 natural size). 

Gastroliths from the Ostrander beds along Bear Creek, two miles 
south of Racine, Mower County, Minnesota 


FOUR NEW GENERA OF CAMERATE CRI- 
NOIDS FROM THE DEVONIAN. 

EDWIN KIRK,i 

ABSTRACT Two genera, Pithoorimis and CadAscooriwus, are proposed 
with new American species as types Pithocrvwas is also represented in 
the Devonian of France and Spam. Ambtcocn^us and Grvphocrmiis are 
proposed for the reception of described species. A species from the 
Devonian of France is referred to Griphocnnua 

PITHOCRINUS, new genus. 

Genotype. — Pithocrinus coopen, new specdes. 

Theca. Composed of heavy plates forming a competent 
structure. Above average .size for batocrinoids of this time, 
excepting such genera as Megistocrimis and Gewiaeocrinus. 
Dorsal cup cupuliform. Tegmen convex to moderately eleva- 
ted, composed of many relatively small plates. In P. cooperi 
some of the plates of the tegmen are relatively large and bear 
subspinous processes. Anal tube stout, subcentral. Plates 
of the dorsal cup convex to tumid or tuberculate. 

BB. Three. Relatively small, subequal. Commonly pro- 
duced into a distinct flaring tripante petaloid rim. 

Radial series. RR large, followed by two IBrr. In four- 
rami rays there are one or two IIBrr. In these rays there are 
usually two lIlBr incorporated in the cup. When but two 
rami are borne, there are usually three IIBrr incorporated in 
the cup. 

Interbrachial series. In the post IR the anal is about equal 
in size to the RR. It supports the customary three bato- 
crmoid plates. These are large, and at this level the post IR 
has its greatest width. Distad the post IR narrows and is 
composed of smaller plates, somewhat irregularly arranged. 

In the other interradii the first interbrachial is large, sup- 
porting two smaller plates. Distad the interradius narrows 
rapidly. In the two-rami rays there are two small illBrr in 
linear series. In the four-rami rays there are one or two illBrr 
separating the two pairs of arms. 

Arms. The arms are unknown, but were exceptionally stout 
for a crinoid of this size. In two species there are four rami 

^ Published with the permission of the Director, Geological Survey, United 
States Department of the Interior. 
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to each ray. In the other foims there are four rami in the 
r and I post and ant RR and two in the r and I cmt RR. In 
the I post R of the holotype of P. walisaewskH the usual four is 
reduced to three by suppression of one-half of one division in 
the secundibrach series. 

Stratigraphic and geographic distribution, — PitJiocrinus is 
known only in the Middle Devonian of Michigan and Spain. 

Relationships . — ^Lacking the arms, one has difficulty placing 
Pithocrmus. Probably if the arms were preserved one would 
have the same trouble. Superficially the genus resembles a 
Megistocrvnus with an exsert base. The stout, subcentral ana] 
tube, the smaller number of IIBrr, and the lack of incorporation 
of the higher orders of brachials clearly differentiate Pithocri- 
nus from Megistocrmus. For want of better placement and until 
more is known of the batoerinoid stocks m the Silurian and 
Devonian one could place the genus in the Periechocnnldae. 

Remarks . — In the collections of the United States National 
Museum are two specimens from the Traverse group of Mich- 
igan that are referable to Pifhocrinus. They may be conspe- 
cific, but owing to their poor preservation it has not seemed 
desirable to describe them. They show an interesting variant 
in tegminal structure from that shown by P. cooperi and more 
nearly agree with the Spanish forms. One of the specimens 
is from the upper Alpena in the Michigan Alkali Quarry near 
Alpena, Michigan. The specimen is crushed vertically, is par- 
tially exfoliated, and the remaining surface is partially covered 
by encrusting bryozoans. The species is larger than P. 
cooperi. The height is estimated as at least 32 millimeter'- 
and the average diameter, 40 millimeters. The togmen is 
arched, but relatively low, with well-defined depressions in the 
interambulacral areas. The tegmen is composed of many small 
plates. None of these is tuberculate. There are four rami 
in the r and I post and ant RR. There arc two rami in the r 
and I ant RR. There are well defined gaps between the arm- 
groups, that in the posterior interradius not being appreciably 
wider than the others. The other specimen is from the Tra- 
verse near Petoskey, Michigan. It is a smaller theca in a 
fair state of preservation other than being badly crushed. 

In the Springer collection there is a well-preserved theca 
that apparently represents a new species of Pithocrmus. This 
specimen is from the Devonian of Colie, Spain. The dorsal 
cup is very like that of P. cooperi in shape. The tegmen is 
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highly arched. As in P. intrastigmatus there are four rami 
in each of the rays. All the plates of the dorsal cup are 
tubercular, and in addition there is an obscure granular to 
vermicular omamentaftion. Some of the plates of the tegmen 
bear small spinous processes. 

PiTHOCRiNus coopERi, new species. 

Plate 1, Figs. 4-7. 

There are two specimens of this species. The larger spec- 
imen, the holotype, is a well-preserved, uncrushed theca. The 
smaller specimen is equally well-preserved, but a portion of the 
dorsal cup and tegmen constituting about one-fourth the bulk 
of the specimen is broken off. Bo'th specimens are partially 
silicified. 

The holotype has a height to the base of the anal tube of 
39 millimeters and an average diameter of about 35 millimeters. 
The height of the dorsal cup is approximately 22 millimeters. 
The shape of the cup and tegmen may readily be seen m the 
figure. The anal tube is broken off, but was stout. It is 
subcentral in position. The plates of the theca are thick. In 
the smaller specimen the plates of the dorsal cup are tumid. 
In the older specimen the plates of the dorsal cup have a marked 
convexity. In the case of the larger plates each has a well- 
defined central prdtuberanCe. In both specimens many of the 
plates of the tegmen are produced into short, heavy processes. 
These processes are naturally more strongly developed in the 
larger individual. 

The basals stand out sharply and in basal view have a 
petaloid appearance. The primibrachs have the usual sequence. 
In the r and I past RR the series are thrown out of vertical 
alignment by crowding of the plates of the posterior 
interradius. 

In the r and I ant RR there are two large fixed IIBrr in 
each half of the ray. In these rays but two free rami are 
borne. In the other three rays there is a single IIBr in each 
half of the ray, which is axillary. Each axillary supports two 
IIIBrr, the first being larger than the second. The r and 
Z post and ant RR thus bear four free rami. In the youngei 
specimen there is close spacing of the arm bases within a ray, 
but a clearly defined gap as between the arm groups of adja- 
cent rays. The gap in the posterior interradius is somewhat 
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wider than that between the arm groups of the other rays. 
In the older specimen the gaps have closed, and there is prac- 
tically no difference in spacing as between the arm bases within 
the ray groups and those of contiguous rays. In this spec- 
imen m the post IR a small portion of the periphery is broken 
off, but it would appear here that there is a noticeable gap. 
The interradial areas are relatively small, with the exception 
of the posterior. In the post IR the anal is followed by the 
customary three plates of the batocrinoid sequence. All these 
are large, the laterals being somewhat larger than the median 
plate. The post IR is at its widest at this level. In the 
succeeding row the two central plates are the largest, flanked 
by one plate on the left and two irregularly placed, small plates 
on the rigllit. Distad the rows of irregularly defined plates 
decrease in size and number. In the other interradii the first 
interbrachial is large, followed by two smaller plates. Distad 
the area narrows rapidly and is filled by a few much smaller, 
irregularly disposed plates. There are one or two illBrr both 
in the two-rami rays and between the pairs of brachial groups 
in the four-raim rays. 

Judging by the arm bases, tlie rami were unusually stout for 
a camerate crinoid of this size. 

Horizon and loccditp. — ^The specimens were collected by G. 
Arthur Cooper from the upper Alpena limestone (Traverse 
group) in the Michigan Alkali Quarry near Alpena, Michigan. 
More definitely, they were found in the uppermost beds of the 
formation between the coral reefs. 

Types. — The holotype and paratype arc in the collections 
of the United States National Museum; holotype No. 111()2'7, 
paratype, No. 111628. 

PitJiocrimis waliszewshii (Oehlert), new combination. 

Megistoermas maHszemslcii Oehlert 1896, p. 818, PI. 26, Figs. 
1-4. 

Devonian. Santa Lucia, Leon Province, Spain. (Middle 
Devonian.) 

Apparently prior to his description of the species, Oehlert 
sent photographs and an excellent plaster cast of the crinoid 
to Wachsmuth. On the basis of this material Wach-srauth 
advised Oehlert not to make a genus for the reception of the 
species, but to refer it to Megistoerkms. Oehlert himself rec- 
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ognized the striking dissimilarity of his species to Megistocrinus 
but deferred to Wachsmuth’s judgment With the prepara- 
tion of the Camerata monograph well in hand and the criteria 
for differentiating the genera established, it is difficult to under- 
stand Wachsmuth’s decision. In any case the crinoid is 
unmistakably referable to the genus Pithocriwus here described, 

Oehlert states that his figures are slightly enlarged This is 
misleading. The figures are nearly one and one-half times 
enlarged. The specimen is somewhat crushed and distorted, 
but otherwise is in an excellent state of preseiwation. Oehlcrt’s 
illustrations and descriptions are excellent. 

Through compression the tegmen appears almost flat, ivith 
depressed areas in the interradial areas excepting the posterior. 
Normally the tegmen would be somewhat convex. There seems 
to have been an apal tube of moderate size. The anal tub.^ 
noraially would be subcentral in position. Even with the dis- 
tortion, it is not far from that. The arm groups are clearly 
separated by narrow gaps except in the posterior iiitcrradius. 
Here the space is much wider than in any known species 
referred to the genus. 

In the I post R there are but three rami, one ramus being 
suppressed in one-half the ray. In the r post and ant RR there 
are four rami. ‘In the r and I ant RR there are two rami. 
In the four-armed RR there are two IIBrr. 

Tlie species agrees well with the other forms referred to the 
genus except for the width of the posterior interradius. If 
this is an individual of medium size, as it may well be, one 
would expect a narrowing of the post IR ait the periphery in 
later ontogeny. 


Pithoermus mtrastiginatus (Schmidt), new combination. 
Saccocrkim{?) infrastigmatiLs Schmidt 1931, p. 21, Text-fig. 

9, pi 4, Figs. 5a-c, 6, 7. 

Arnao limestone “Lower Devonian.” Cap La Vela, Concha 
de Arnao, El Mugaron. Near Aviles, Prov. Asturias, Spain. 
(Middle Devonian.) 

This species is based on three imperfect and badly pre- 
served specimens. There can be little doubt, however, that the 
species IS referable to Pithocrvmus. The most interesting struc- 
tural feature is that Schmidt gives a count of four rami in 
each ray. 
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Fitlwcrmm hifrons (Sdimidt), new combination. 
MegistocrimirS^^) hifrons Schmidt 1931, p. 23, PI. 4, Figs. 8a-c. 

Arna'o liimestone “Lower Devoniian.” El Mugaron, Concha 
de Amao, near Aviles, Prov. Asturias, Spain. (Middle 
Devonian.) 

This species is based on the badly crushed basal portion of 
a dorsal cup. It certainly is not Megistocrvms, and such 
characters as it shows indicate PiiJiocrimis rather than any 
other known genus. It may even be a large individual of P. 
mtrastigmatus. 


CADISCOCRINUS, new genus. 

Genotype. — Cadiscocrmus soutJmortM, new species. 

Theca. Small, subcylind'rical, typically somewhat con- 
stricted medially, and with a flattened flaring base. The basal 
area is deeply excavate. In basal view the basal circlet usually 
has a distinct pentalobate to stellate outline. 

IBB. Five, forming a small disk situated at the apex of the 
cone formed by the invaginated proximal moieties of the 3B. 

BB. By far the largest plates in the dorsal cup. The 
proximal portions of the BB are flexed inward, giving a deeply 
invaginate base. In most of the forms known the BB are 
laterally produced, gi'ving a pentalobate to stellate outline in 
basal view. 

Radial series. The RR are of medium size, but appreciably 
smaller than the BB. Tlie IBrr are relatively very small. 
Two uniserial secundibrachs may be incorporated in the cup. 
Distad the rami are compactly biserial. The rami are smoothly 
rounded dorsad, with somewhat flattened sides. 

Interbrachial series. In all the interradii the proximal inter- 
brachials rest on the truncated distal faces of the basals. In 
the posterior interradius the first anal plate is approximately 
the size of the other primary initerbrachials. It supports a 
somewhat smaller median plate flanked on either side by two 
very small plates. In the third range, passing beyond the dor- 
sal cup and foming part of the tegmen, is a median plate 
somewhat smaller than the median plate of the second range. 
In the other interradii the primary interbrachial supports two 
small plates in the second range. Distad the interradius nar- 
rows rapidly, and there are either no other interradials in the 
cup or a few very small plates. 
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Column. The column is stout for a crinoid of this size. It 
is circular in section and) as seen, composed of alternate 
nodals and intemodals. The columnals are low. The lumen 
is small and appears to he circular in section. 

Stratigraphic and geographic distribution. — ^The genus at 
present is known in the Middle Devonian of Ontario, Michigan, 
and Indiana. 

Relationships. — Of the older described genera Cadiscocrimm 
may be compared only with Rhodocrinm, as currently recog- 
nized, or Acanthocrinus. I have recently (1944) proposed 
the genus Crihanocrinus for the reception of a group of lower 
Mississippian species formerly referred to Rhodocrimis. Cri- 
hanocrmus more nearly resembles Cadiscocrinus than either 
Rhodocrimis or Acanthocrvmis. 

Rhodocrinus and Acanthocrmus are essentially alike in gross 
structure, and a comparison with Rhodocrinus will serve for 
both. Rhodocrinits, a's for current usage, has a flattened or 
excavate base. Tllie sides of the cup are nearly vertical, or 
diverge distad. The BB and RR are of moderate size. The 
IBrr are large and lAxos moderately so. Typically three or 
more IIBrr are incorporated in the cup, and intersecundibrachs 
are present. The interradial areas are large, with numerous 
iBrr that merge with the iAmhh. The cup is typically orna- 
mented wutli a network of radiating ridges. The rami have 
very low umsenal Brr continuing distad well above the cup 
and to the first bifurcations. Above the first bifurcations the 
rami are compactly bisenal. The rami are relatively small. 
It will readily be seen that there is little resemblance between 
these structures and those of Cadiscocrinus. 

Cribanocrmus has a subglobose to urceolate or ovate theca. 
The maximum diameter of the cup is at about one-half its 
height, or lower. The minimum diameter of the cup ns at the 
level of the arm bases. The IBB are small. The BB are large, 
either larger or smaller than the RR. The IBrr and lAxce arc 
relatively small. The interradial fields are narrow at the base, 
widen distad, and then narrow again. Occasionally there is a 
poorly defined median row of plates in the post liZ, but this 
is exceptional. The rami are uniserial below and compactly 
biserial above the first bifurcations. 

The most obvious differences between Crihanocrimis and 
Cadiscocrinus are in the shape of the dorsal cup, the am 
structure, and in the great size of the BB in Cadiscocrinus. 
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The dorsal cup of Cadisocrmus is subcylindrdcal and typically 
somewhat constricted medially. With tllie exception of the 
first two uniserial IIBrr the rami are compactly biserial. The 
BB are by far the largest plates in the cup. Typically, 
Cadiscocrirms has a well-marked, median, linear series of plates 
in the posterior interradius. 

Reitiarks. — ^There are two other undescnbed species referable 
to Cadiscocrmus in the Springer collection. One is from the 
Norwaj*^ Point formation of the Traverse of Michigan. One 
is from Clark County, Indiana, probably from the Beechwood 
formation. I collected the Michigan specimen many years ago. 
It was found about 1 mile downstream from the old Seven Mile 
D-am on Thunder Bay River. The locality as well as the old 
Seven Mile Dam is now submerged by the impounded waters 
of the Norway Point Dam. This specimen is an imperfect, 
somewhat crushed, dorsal cup. It is undoubtedly referable 
to Cadiscocrmus and does not differ greatly from the Ontario 
species. Tire species from Clark County, Indiana, is a very 
striking fom. It is an incomplete dorsal cup, preserving the 
IBB, BB, four RB, and a few iBrr. The cup was low and 
broad, having an estimated diameter of at least 15 nmllimeters 
and a height of perhaps not much more than 9 millimeters. 
TQie plates of the cup are elaborately ornamented. High, 
shai'p carinae pass from plate to plate, and there is a median 
canna on each basal, extending well down into the deep basal 
cone. The surfaces of the plates between the carinae are 
strongly papillose. All the structures preserved indicate that 
this specimen is referable to Cadiscocrtnus. 

Cadiscocrinus southworthi, new species. 

Plate 1, Figs. 1-3. 

This species is based on two well-preserved thecas, with 
portions of the arms attached. The holotype is slightly 
crushed. The paraty^pe, not figured, is somewhat larger and 
not crushed. It is, however, partially replaced and encrusted 
with iron, probably limonite after pyrite. 

The dorsal cup is subcylindrical, with a flat, flaring base. 
Medially there is a slight constriction. The basal area is 
deeply excavate, the IBB lying at the apex of a cone the wall 
of which is largely composed of the inwardly flexed proximal 
portions of the BB, The tegmen is unknown, being concealed 
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by the elosely packed proximal portions of the arms. The 
species is small, the dorsal cup of the larger specimen having 
a height of 6 millimeters and an average diameter at the arm- 
bases of 8 millimeters. The specimen shows no juvenile char- 
acters and may be assumed to be adult. 

The IBB are small and completely hidden by the proximal 
columnal. They lie at the apex of the deeply invaginated base 
and appear to be at approximately the level of the lAx. The 
BB are by far the largest plates in the cup. In the larger 
specimen, the paratype, a basal measures 2.6 millimeters in 
height by 4.6 millimeters in maximum breadth, as shown in the 
outer wall of the cup. The inner invaginated portion of the 
basal extends to a greater height. Each basal supports an 
interbrachial. The BB flare outward in a horizontal plane. 
In basal view each is produced into a subtriangular projection, 
giving the base a sharply stellate outline. 

A radial in this same specimen has a height of 2.4 millimeters 
and a breadth of 3 millimeters. In the same senes the IBr^^ 
has a height of about 0.9 mdllimeter and a breadth of 2.5 milli- 
meters. The I Ax has a height of 0.9 millimeter and a breadth 
of 2.2 millimeters. In the paratype the first two secundibrachs 
in each half-ray may be considered incorporated in the cup. In 
the holotype only the first is incorporated. The two proximal 
IIBrr are uniserial and stout. 

In one interradius of the paratype the first interbrachial 
has a height of 1,7 millimeters and a breadth of 2.4 millimeters. 
It supports two much smaller plates. This structure holds 
for all interradii except the posterior. In the next range there 
may be from one to three small plates at the level of the IIBrr 
The post IR of the holotype shows the plates more clearly than 
the paratype. The primary anal plate is of approximately 
the size of the first interbrachials. In the median line it bears 
a somewhat smaller plate that is flanked on either side by a 
very small plate. The distal face of the second median anal 
plate lies at the level of the IIBrr^. In the holotype the 
median anal of the second range supports a plate somewhat 
smaller than itself. This latter plate is tegminal. 

As noted above, the two proximal secundibrachs are uniserial. 
A compactly biserial arrangement immediately follows them. 
The arms are stout, with rounded backs and somewhat flattened 
sides. 

The column is proportionally large, having a diameter of 
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about 2.6 milliineters in its proximal portion in the holotype. 
The lumen is very small and seems to be circular in section 
The small amount of column preserved shows alternating 
nodals and intemodals. The columnals are low. 

Horizon and locality. — ^Both holotype and paratype were 
collected by Mr. and Mrs. Charles Southworth in the Arkona 
shale (Hamilton) at Hungry Hollow, 2^ miles east of Arkona, 
Ontario, Canada. The species is named in honor of the col- 
lectors, to whose zeal and patient collecting over a period of 
many years we owe chiefly our knowledge of the crinoids of 
this area. 

Types. — The types are in the Springer collection in the 
United States National Museum ; holotype, S 4440a; paratype, 
S 4440b. 


GRIPHOCRINUS, new genus. 

Genotype. — Rliodocrkms (Acanthocrimts) nodtdasm Hall. 

Theca. Composed of heavy plates. Dorsal cup subturb- 
inate to cupuliform. Tegmen low, composed of many small 
plates, incompetent. Anal opemng excentric. Anal tube 
unknown. If present, it was small. Plates of dorsal cup con- 
vex to tumid, with a tendency to form large median tubercles. 
There may be indistinct radiating ridges on the plates. 

IBB. Small, but clearly visible in lateral view. 

BB. Large. In some specimens all the BB make con- 
tact with the first interbrachials. In others a variable number 
of BB make contadt. 

Radial series. RR large, followed by two somewhat smaller 
IBrr. In adult individuals there are usually three or more 
JIBrr incorporated in the cup. 

Interbrachial series. In the post IR the anal rests on post B 
on a broad face. In the second range there are three plates, 
followed in the third range by four or more. The median 
vertical row of anal plates is clearly defined, the plates grad- 
ually decreasing in size distad. The post IR is broad, reach- 
ing its maximum width at aJbout the level of the lAxx. In the 
other interradii, as noted above, all the first IBrr may make 
contact with the RB, or a variable number of them may do 
so. These interradii are considerably narrower than the post 
IR, with two plates in the second range and two or three in the 
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third range. There is still a fairly wide spacing at the level 
of the fixed brachials, however. There are a number of illBrr, 

Arms. The arms are relatively short, stout, with rounded 
backs, and branch irregularly two or more times. The arras 
are compactly biserial, beginning with about the third or 
fourth IIBr. 

Column. The column is large, circular in section, with a 
large pentalobate lumen. 

Stratigraphic and geographic distribution. — Griphocrmus at 
present is known in the Middle Devonian of New York, Ken- 
tucky, and France. The French lionzon was given by Oehlert 
as Lower Devonian, but with us it would be Middle Devonian. 
To this day horizons in Europe are called Lower Devonian that 
in America we would place unequivocally in the Middle 
Devonian. 

Relationships. — Griphocrmus has slight resemblance to or 
relationship with Rhodocrmusy to which it has been referred. 
A brief summary of the characteristics of Rhodocrimms are 
given under the description of Cadiscocrinus. The subturbi- 
nate cup of Griphocrmus^ with its exsert base, and particularly 
the structure of the arms separate the genus from all known 
genera of the Rhodocrinidae. The reference of G. halli to 
Thysanocrinus^ and the doubtful reference by Wachsmuth of 
the French species to Rhapanocrimis seem to indicate more 
nearly the relationships of the genus. Griphocrmus may, I 
think, be considered an end term in the line of the Dimero- 
crinidae or a similar stock in which the first interbrachials of 
the interradii, other than the posterior, have migrated wholly 
or in part downward between the radials and come in contact 
with the basals. This structure, at one time held by Carpenter 
and others of prime importance, can be overemphasized and 
must be considered in combination wdth other structural fea- 
tures and the stage m the evolution of the group I would 
then temporarily place Griphocrinus in the Dimerocrinidae a** 
more nearly indicating its genetic affinities. 

Griphocrmus haUi (Lyon), new combination. 
Rhodocrkius haUi Lyon 1862, p. 412, PI. 4 Figs. 5a, b 

“Crinoid bed, Ijing between the Hydi-aulic limestone and the 
Blackslate: Beargrass quarries; Jefferson county, Kentucky” 
( = Beechwood limestone) . 

Rhodocrinus{^) halli Wachsmuth and Springer 1881, p 212. 
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“This species is certainly not Rhodocrinus ...” “Niagara 
group.” 

Thysanocrirms^ halli Wachsmuth and Springer 1897, p. 196, 
PI. 13, Figs. 9a, b. 

“Niagara group.?” 

Dimerocrmus haUi Bassler 1915, p. 439. 

“Niagaran (Louisville) .” 

Dimerocrkms haUi Springer 1926, p. 14. 

“Louisville limestone.” 

Goldring (1924, PL 2, Fig. 2) figures the holotype of G. 
halli as a specimen of G. nodulosus. There is no mention of 
the specimen in the text or of the species in the synonymy. 
Although the two species are similar, I think they may be 
held distinct. If not, Lyon’s species has priority. 

The age assignment of “Niagaran” or “Louisville limestone” 
for G. halli is quite unjustified. Lyon (1862, p. 412) states 
that the species was found by Knapp “in the same beds a^ 
specimens described in this paper under Nos. 43, 44 and 49.” 
No such numbers are shown in the text, but the only three spe- 
cies to which Lyon’s statement could apply are “Cyathocrinus 
levictdus,^' “Cyathocrinus worthem” and ^^Actinocrinus cae- 
sedayV* For the first of these species Lyon gives the honzon 
and locality cited above. The horizon in modem terminology 
would be the Beechwood limestone of approximately Hamilton 
age. 

Griphocrinus imculptue (Goldring), new combination. 
Rhodocrinus imculptus Goldring 1935, p. 349, PI. 25, Fig. 1. 

Hamilton (Tichenor or Moscow), 2 miles east of Alden, 
Genesee County, New York. 

Griphocrinus nodulosus (Hall), new combination. 
Rhodocrinus (Acanthocrinus) nodtdosus Hall 1862, p. 126. 

“Hamilton group, Ontario County, N. Y.” (Approxi- 
mately Tichenor horizon). 

Rhodocrinus {Acanthocrinus) w>dulosus Hall 1872, PL 1, 
Fig. 8. 

Rhodocrinus nodulosus Wachsmuth and Springer 1881, p. 212 
(386). 

Rhodocrinus nodulosus Wachsmuth and Springer 1897, p. 225, 
PL 13, Fig. 8. 

Rhodocrinus nodulosus Goldring 1924, p. 89, PL 2, Figs. 1, 
3-5 (non Fig. 2 = Griphocrinus halli (Lyon) ) . 
Dimerocrinites nodulosus Bassler and Moodey 1943, p. 425. 



EXPLANATION OF PLATE 

Figs 1-3 Cadiscocrmits soutlmorthi, new genus and species: 1, posterior 
view of holotjpe, 2, basal view; 3, anterior view All figures x 2 
Figs 4-7 Ptihocnnus cooperi, new genus and species 4, basal view of 
holotipe, 5, right posterior view, 6, posterior view; 7, right posterior 
view of paratype All figures natural size 
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GnpJwcrinus wachemutM (Oehlert), new combination. 
Raphanocrkms^ wachsmuthi Oehlert 1887, p. 68, PI. 1, Figs. 

10, 11, Text-fig. on p. 69. 

Sable (Sarthe), France. “Lower Devonian,” (In America 
the horizon would be Middle Devonian.) 

On the advice of Wachsmuth, Oehlert proiasionall 3 ^ referred 
this species to Rhaphanocrinus. Wachsmuth and Springer 
(1897, p 259) mention the species under their discussion of 
the genus Raplmnocrmiis and state that “this as apparently 
not a tipical foi*m.” 

The specimen is a fairly well-preserved theca. The descrip- 
tion and figures show a crinoid that agrees well vnth Griph- 
ocrmus. It certainlj^ were better placed here than undev 
Rhaphanocrinus, to which it bears but slight relationship 

AMBICOCRINUS, new genus 

Genotype — Thysanocrinus arhorescens Talbot. 

Ainhicocrinus arhorescens (Talbot), new combination. 
Thysanocrinus arhorescens Talbot 1905, p. 23, PI. 1, Fig. 2, 

Text-fig. 1. 

Coej’mans (Lower Devonian), North Litchfield, New York. 
(Manlius-Upper Silurian ( ?).) 

Dimerocrinus arhorescens Goldring 1924, p. 83, PI. 1, Fig 1 

The type species has been described and figured by Talbot 
(1905) and Goldnng (1924). Goldring has explained the dif- 
ficulty in getting an adequate illustration of the tv'pe. On the 
whole, the figure is good, though somewhat sketchy in detail. 

A mhicocnnus maj’ be compared only to Dimerocrinus, Eudi- 
merocrinus, and Diamenocrinus among described genera. In 
Amhicocrinus the plates of the dorsal cup are relatively thin, 
giving an incompetent structure. The plates are smooth, and 
there is no ridge traversing the radial series. The IlBrr are 
incorporated in the cup up to at least the third brachial 
There are numerous intersecundibrachs. The rami divide one 
or more times above the first bifurcation and are compactly 
biserial The column of Amhicocrinus is substellate in section. 

Eudimerocrinus, as pointed out by Springer in making the 
genus, differs from Dimerocnnvs only in having branching 
1 ami. In tirpical Dimerocrinus and in Eudimerocrinus there 
IS a well-defined keeled ridge traversing the plates of the radial 
Am Jotra. Sci — Vot 243, No 6, Juxe, 1945 
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series and passing on to the basals. The interradii typically 
show as somewhat depressed areas. The plates of the cup are 
typically moderately thick and may be very heavy. Inter- 
secundi'brachs are few in number, and the rami are seldom 
incorporated in the cup above the JJjBrfa- The column is cir- 
cular in section. 

Diamenocrinus has a strongly ornamented cup. The pecul- 
iar bisenal arms, appearing uniserial as viewed from above, 
are one of the characteristic features of the genus. As in 
Amhicocrmns, the column is substellate in seciiion, and tlie rami 
have many divisions. 

Amhicocrmus may be held within the Dimerocrinidae as a 
matter of convenience. Substellate or pentagonal columns are 
a rarity among the Camerata. There is a possibility that 
Ambicocrinus, Dtamenocrmus, and even Tliylacocrinm may be 
mem'bers of a tenuous evolutionary line running parallel to the 
true Dimerocrinus stock. 

Geologic distribution. — Amhicocrmus is known only from 
the prolific crinoid beds near Litchfield, Herkimer County, New 
York. The horizon is given as Coeymans and placed in the 
Lower Devonian. There is some uncertainty as to this 
assignment, however. The horizon may be Manlius and refer- 
able to the high Silurian. I have collected specimens of the 
associated Ctenocrmm pOfChydctctylus in place at Schoharie, 
New York, and although the horizon is somewhat questionable 
the e^^dence was rather in support of a Manlius assignment. 
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Reperexce Note 

* It will be noted that I give the date 1862 for Lyon’s paper instead of 
1861, as has been given in the past 

The running date of “Dec 1861” at the bottoms of the pages is simply 
an mdication that these pages are part of the Proceedings of that month 
and do not give the date of issue. It wiU be noted that in the account of 
the meeting of December 10, 1861, Lyon’s paper was presented for publica- 
tion. In the Proceedings for 1862 (1863) at the meeting of February 18 
(p. 20) It is stated that “Mr Vaux, on behalf of the Committee on Pro- 
ceedings, laid on the table the No for last December ” Lyon’s paper should 
thus have the date February 1862 instead of December 1861. 

U. S. Natioxal Mdseum, 

WASHCfOTOX, D. C. 

Correction — In my paper “Aph^lecriims, a new inadunate crinoid genus 
from the Upper Mississippian,” Amer, Jour. Sci„ April 1944, there is an 
erroneous designation m the plate description. The new speaes Aphele- 
erinw owem (p 198) appears on the plate (PI 1, figs 1-3) as Aphelecrmas 
lifoni, n, sp Tlie trivial name lyoni on the plate should be changed to 
®**’^®** Edwin Kirk. 
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Paleontology. 

Tempo and Mode in Evolution; by George Gaylord Simpson. 
Pp xviiij 237 ; 36 figs. New York, 1944! (Columbia University 
Press, $3.60). — Two previous volumes of tbe Columbia Biological 
Series, by Prof. Theodosius Dobzhansky and by Dr. Ernst Mayr 
have considered the mechanisms of evolution. Both these books 
have excited wide interest and admiration. Dr. George Gaylord 
Simpson has now added a third evolutionary study to the series 
which fully maintains the high standard of excellence set by his 
predecessors. While the two previous books incorporated in their 
titles that of Darwin’s classical work. Doctor Simpson’s title signifi- 
cantly does not include the words “Origin of Species.’’ His work 
is in fact a bold and highly successful attempt to apply population 
genetics to the problems presented by the evolution, not of species 
but of the larger categories of taxonomy. After considering the 
available data on the absolute and relative rates of evolution, a 
study IS made of the distribution m time of the genera of Carnivora 
and of Pelecypod mollusks. It is shown that such genera con- 
sidered statistically show a characteristic persistence in time, so 
that a survivorship curve can be drawn indicating what proportion 
of the genera existing at any one time can be expected to exist at 
a given later time From such a distribution, based entirely on 
extinct genera, it should be possible to calculate the age composition 
of genera existing today. For the Carnivora the calculated and 
observed distributions are very similar, for the Pelecypoda an 
abnormally large number of living genera originated at a very 
remote time. There seem, then, in any given group to be two modes 
of evolution, the standard mode, characteristic of the group and 
called liorotelic, and an abnormally slow mode, the bradytelic, which 
is, however, not exhibited by all major taxonomic groups. More- 
over, extrapolation back in time of both horotelic and bradytelic 
lines indicates that they must have arisen by a tackytelic process, 
very much more rapid than that exemplified m their subsequent 
history. The rapid tachytelic mode of origm of major groups is 
practically unknown in the fossil record. The occasional fortunate 
find, as of Archaeopteryx, indicates, however, that no real discon- 
tinuity must be postulated. The difference between this sort of 
evolution, termed in the last chapter of the book quantum evolution, 
and the more usually observed phyletic evolution of the great 
sequences of vertebrate palaeontology is real. The difference, 
however, lies, not as Goldschmidt supposes, at the cytogenetic level, 
but rather at the level of population genetics. 
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The rarity of intermediates indicating the establishment of radi- 
cally new lines, suggests that such new lines originated with great 
rapidity in small populations. The major phyletic sequences, show- 
ing a senes of progressive lines that tend to follow a more or less 
constant direction on which most of palaeontology is based, represent 
processes occurring in large populations Following the general 
theoretical conclusions of Haldane, Fisher and notably of Wright, 
Simpson indicates that the tachytelic origin of a new group is due 
to the random fixation of genes in small populations leading occa- 
sionally to a preadaptation to a new type of ecological niche. The 
more usually observed phyletic type of evolution consists of perfec- 
tion, by natural selection, of the new adaption through a long senes 
of forms constituting large populations, in which selection is likely 
to be of paramount importance in controlling evolutions The occa- 
sional apparently immortal bradytelic genera like Nucula and 
Ostraea form large populations in practically unvaried habitats 

This main thesis is expounded with a wealth of illustrative detail 
and with an outline of the theoretical background that must he taken 
into account Certain special features of interest arise in the dis- 
cussion There is no indication that mutation rate controls phyletic 
evolution, though it may conceivably do so in the tachytelic quantum 
stage. Throughout the great w’ell-known sequences of phyletic 
history known mutation rates of the order of ] in 10® are quite 
sufficient to account for all observed changes. It is surprising to 
find that there is no indication that generation length has any clear 
effect on evolutionary rates It may perhaps be suggested that 
rapidly breeding forms tend to be small and so in general numerous, 
and their effective breeding populations may actually be greater tban 
the theoretical optimum postulated by Wright. An analogous sug- 
gestion may be made that populations of herbivores m general are 
likely to be larger than those of their predators. A study of certain 
lines such as the Machairodontmae and their prey, along these lines, 
might be profitable. The work of Elton and its systematization by 
Lindeman may well prove of interest to palaeontologists in this con- 
nection Simpson rightly calls attention to the potential importance 
of cyclical fluctuation in numbers of animals. 

To the present reviewer the validity of the bradytelic Pelecypod 
genera is not entirely convincing; it seems possible that they repre- 
sent groups in w'hicli the mam lines of advance concerned only the 
soft parts Even m the most favorable cases conchological genera 
cannot have the validity of the mammalian osteological genera that 
form the main basis of the argument. It may appear captious to 
call attention to a minor typographical blemish, but as it might 
constitute an obstacle to those not acquainted with theoretical popu- 
lation genetics, its correction is important. On pages 66-67 the 
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expression “half the reciprocal of the breeding population” is 
written symbolically as if “half the breeding population” were 
meant, and so for the other fractions employed. On later pages a 
somewhat better typographic usage is followed. In spite of the 
footnote on page 198^ the reviewer cannot help thinking that the 
continued use of the word phylum in two entirely different senses 
is not likely to promote understanding between palaeontologists and 
neozoologists. 

Tempo and Mode in Evolution is the most important contribution 
to evolutionary theory to come from Palaeontology since the days 
when the fossil record was first used to demonstrate that evolution- 
ary change must have taken place. It is also a highly important 
contribution to population genetics, because by showing that what 
took place is what would be expected, on the basis of the mathe- 
matical theory, the latter receives a remarkable objective confirma- 
tion. The book must be studied thoroughly by everyone concerned 
with the mechanism of evolution g. e. hutchinson. 

Methods in Climatology; by Victor A Conrad. Pp. 228. 46 
figs. Cambridge, Mass., 1944 (Harvard University Press, $4.00). 

Climate of Indiana; by S. S. Visher. Indiana University Pub- 
lications Science Series No. 13. Indiana University, Bloomington, 
Indiana, 1944 (Indiana University Bookstore, $4.00). — Two books 
on climate received at practically the same time supplement each 
other most interestingly. Methods in Climatology, by Doctor Con- 
rad, is purely statistical. On the jacket the claim is made that the 
book is of special value in prosecuting the war, but the mam value 
lies almost entirely in days of peace when weather observers, gradu- 
ate students, and college professors can devote months and years to 
analyzing climatic records. Doctor Conrad has reduced the methods 
of analysis to simple forms with a minimum of mathematics. 
Nevertheless the ordinary graduate student or weather observer will 
consider the book quite mathematical and will have to study it most 
carefully in order to get the great benefits which it undoubtedly 
offers. The book is full of valuable suggestions. 

The title, Methods in Climatology, creates a misapprehension. 
The author seems to realize this, for at both ends of the book he 
apologizes for omitting so much. No apology would be needed if 
the book were called “Methods of Preparing Climatological 
Statistics.” 

Doctor Conrad^s primary interest lies m climatic averages and 
departures from such averages. He pays practically no attention 
to the foremost climatic problems of our day such as cycles of 
weather aside from those of the day and year, and the relation of 
weather and climate to crops, animal abundance, season of birth, 
health, business, and other organic conditions. The section of “Bio- 
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climatology” is only half a page, and gives no hint as to how 
climatic statistics are to be correlated witli the growth, health and 
activities of plants, animals and man. The book is excellent as far 
as it goes, but it stops short just when it gets to the most interesting 
and difficult parts of climatology. 

If we did not know that Professor Visher’s Climate of Indiana 
was •written with no knowledge of Doctor Conrad’s book, it would 
almost seem as if the first three hundred pages were written as an 
illustration of the results that are attained through intelligent use 
of methods such as are described by Doctor Conrad, Professor 
Visher says practically nothing about methods ; he merely uses them. 
His bock nominally describes merely the climate of Indiana. Actu- 
ally, however, it provides an outstanding illustration of the way in 
which the climate of all parts of the world ought to be described. 
In the whole literature of climatology no other book gives so good 
a description of the chmate of an individual region. The first 336 
pages are devoted to the statistical phases of the subject, but witli 
a good deal of incidental material as to the effect of unusual or 
extreme conditions. The completeness of this part of the book is 
illustrated by the fact that it contains 407 illustrations, most of 
which are little maps of Indiana. From the maps and tables one 
can find out hundreds of facts as to any part of tihe state — not only 
what the average temperature and rainfall are, but what the 
extremes have been, what damage as done by hail or lightning, how 
frequently there is a rainfall of 2^ inches in one day, let us say, and 
innumerable other interesting facts. Sloreover, Professor Visher 
sums up these facts in such a way that they form part of a broad 
picture which is of much value to the general reader as well as to 
students of climatology. 

The most interesting part of Climate of Indiana is pages 336-461. 
There Professor Visher treats such special topics as “The Climate 
of Seven Legal Holidays,” climatic Changes in Indiana compared 
with those of the world as a whole, and the effect of climate upon 
the form of the land, the yield of crops, and human health. Finally, 
Indiana is divided into tiliree climatic regions, south, central, and 
north, with tliree sub-regions in each from east to west. Tables 
for chief cities complete the book. This well printed and hand- 
somely bound volume should serve as a model for climatologists all 
over the world. ellsworth Huntington. 
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GEOLOGICAL AND ECOLOGICAL OBSER- 
VATIONS OF SOME HIGH PLAINS DUNES. 

HAROLD M. HEFLEY and RAYMOND SIDWELL. 

ABSTRACT. The following points are revealed by the study 1 The 
dunes are apparently of local origin and derived from the erosion of 
subjacent Tertiary sediments 2 They were originally covered by the 
climatic climax mixed grass association except where edaphic conditions 
supported a relict biota characteristic of more mesic grasslands. 3 The 
relict vegetation has maintained itself locally since the present climatic 
conditions became established because the water table is almost at the sur- 
face in some places. 4 The present condition of both substratum and 
biota IS greatly altered. Natural conditions have been disturbed by over- 
grazing, the effects of which are all the more pronounced because of the 
apparent progressive increase m aridity since the initiation of the present 
climatic cycle 

INTBODUCTION. 

A SAND DUNE area about 125 miles long and eight miles 
^nde at the widest part extends from the east-central por- 
tion of New Mexico into eastern Bailey County, Texas (Text 
Fig. 1). It has an average altitude of 3400 feet and is a part 
of the High Plains. The contained dunes are low and isolated 
in the westernmost end of the belt but become larger and more 
concentrated a few miles to the eastward. Near Portales, New 
Mexico, two roughly parallel dune belts arise and fringe the 
dune area. These extend into Hale County, Texas. Each 
belt is about a mile wide, and contains large, closely spaced 
dunes, many of which are migrating. The dunes between the 
fringing belts are lower, less active, and more widely spaced. 

The entire dune area is restricted to a broad senes of shallow 
basins commonly known as Portales Valley, It was excavated 
by a stream since captured by the Pecos River (Meinzer, 
1923). Porous matenals deposited by the former stream 
partly fill the basin and constitute the present shallow ground 
water horizon. The water level ranges from three to 35 feet 
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beneath the soil surface (Texas State Board of Water Engi- 
neers, 1938). 

METHODS AND PEOCEDURES. 

Ecological terminology follows that of Clements (see Car- 
penter, 1938). The nomenclature of Ecology is not yet com- 
pletely stable, and the senior author believes the system devised 
by Clements is the most logical extant. The geological ter- 
minology follows accepted foi*ms. 



Fig 1. Map showing location of the dune area 


The writers visited the area together and separately. The 
ecological portion of the w’ork (for which the senior author is 
responsible) presumes to describe the communities as they now 
exist. Field work consisted of observations, transects, and col- 
lections of organisms not immediately recognizable in the field. 
These were brought to the laboratory and identified. Geologi- 
cal work (that of the junior author) consisted of determining 
the height, shape and patteni of various dune types, their rela- 
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tion to one another, and also collection of samples from various 
parts of representative dunes Twenty-five grams of each sand 
sample was weighed in the laboratory, then sieved to detenmne 
size grades. Heavy minerals were isolated ivith bromofoi-m, 
then identified with binocular and polarizing microscopes. The 
individual grains, especially quartz, were classed as rounded, 
sub-rounded, sub-angular and angular on the basis of abrasive 
wear. 

GEOLOGY 

The climate of the sand dune area is classified as seim-arid, 
with a mean annual precipitation of less than 16 inches Maxi- 
mum precipitation occurs during May, June, July, and Aug- 
ust. Maximum wind velocity obtains in late spring and early 
summer, reaching an average of 185 miles per day in March, 
196 miles per day in April, and 193 miles per day in June 

The entire dune area overlies late Tertiary and Pleistocene 
sediments. The basal materials, probably Pleistocene, are 
chiefly fluvial in origin and consist of unconsolidated clays, 
sands, and gravels. Caliche caps these materials, is light col- 
ored, and consists mainly of calcium carbonate, silica, sand, 
and clay minerals. The basins contain deposits which are 
probably early Pleistocene. These consist of sand, clay, and 
thin beds of volcanic ash. 

Dunes fall into three distinct series: blowout dunes, shrub- 
coppice dunes, and active transverse dunes (Melton, 1940). 
Active and anchored blowout dunes which include crescent 
shaped ndge and basin, elongated, and oval shaped ridge and 
basin dunes are well represented. Active crescent shaped ridge 
dunes are the most conspicuous as well as highest in the area. 
They are located on the leeward side of depressions with the 
crescents opening into the prevailing winds. The leeward front 
IS rounded and much steeper than the slope to the windward 
Most anchored dunes are rather circular in butline with the 
vegetation cover partially obscuring both windward and lee- 
ward portions. The underlying materials (hard compact clay 
or loose partially consolidated sand) and the position of the 
ground w'ater table largely control the depth of depressions 
and the height of adjoining sand ridges. If underlying materi- 
als consist of pack sand and sub-surface water is absent, well 
developed sand ridges and deep depressions dominate the land- 
scape Many crescents have been obscured by vegetation cover 
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and shifting sand, hence anchored dunes usually appear as 
elongated mounds. 

Elongated blowout dunes are similar to crescentic sand ridges 
in that they are located on the leeward sides of depressions 
with the crescents opening into the prerailing winds. Such 
dunes consist of elongated ridges with a maximum height of 
20 feet and an average length of 800 feet. 

In areas where dunes of one or more types are crowded 
together, blowout oval shaped ridges have developed which 
partially or completely enclose depressions. The pattern 
formed is probably a modification of the upsiloidal dune type 
described by Smith, 1939. Three sides of many ridges are 
anchored, but when closure is complete migrating sand occurs 
on the windward side. Dimensions of average closed oval ridges 
are about 300 by 220 feet with the highest part of the ridge 21 
feet above the bottom of the enclosed depression. 

Shrub-coppice dunes of the region are of two groups with 
respect to origin. When sand collects in and around scattered 
clumps of vegetation, small, usually somew'hat elongated dunes 
are formed. These are rounded both to leeward and windward, 
and constitute the most common type. The sand is light in 
color and unconsolidated. The second type of shrub-coppice 
dune appears to have originated by recent active erosion of low 
established dunes probably of the blowout type. Such dunes 
are irregular shaped mounds with the leeward sides rounded, but 
the slopes are steep and irregular to the windward. The 
materials are partially compacted, and yellow. 

Active transverse dunes occur in portions of the belt where 
eolian work is extremely active. These are elongated ridges, 
and are migrating east eight degrees south, which is transverse 
to the direction of the prevailing sand-moving winds (see Mel- 
ton, 1940, Pig. 29). Some of these dunes consist of a single 
curving ridge which may be continuous for one-half mile or 
more. Others are irregular, discontinuous, and often branch- 
ing. It is not uncommon for a given dune to progress from 
a single curving ridge to one that is irregular and broken. 

In fixed dunes particle diameter range of % to % mm. is 
dominant compared with a range of % to % mm. in migrating 
dunes. Approximately 75 per cent of Ijhe sand is from to 
% mm. in diameter on the windward side of migrating dunes 
while about 50 per cent of the sand grains are in this size grade 
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on the leeward side. The heavy minerals in fixed dunes are mag- 
netite, garnet, epidote, tourmaline, zircon, ilmenite, hornblende, 
hematite, rutile and leucoxene in decreasing order of abund- 
ance. Garnets, touimaline, epidote, zircon and leucoxene in- 
crease as much as 100 per cent in migrating dunes with other 
heavy minerals maintaining approximately the same propor- 
tions as in fixed dunes. The abundance of magnetite decreases 
from 65 per cent in stationary dunes to 25 per cent in migrat- 
ing ones. Most quartz grains larger than 14 diameter 

are I'ounded or sub-rounded, many are frosted and a few are 
pitted. The majority with a diameter range less than ^4 
are angular and iron stained. A few quartz grains show cloud- 
ing in reflected light, caused by surface and crack alteration. 

SOUnCES OF THE SAND. 

The basin-like areas where the dunes are located apparently 
received sediments as former drainage channels (Meinzer, 
1923). Blue to gray shales, white sands and thin beds of vol- 
canic ash now exposed in some places were probably deposited 
in former shallow lakes within the area (Antevs, 1935 ; Howard, 
1935). These sediments, excepting iron stained quartz grains, 
are quite similar m texture and mineral content to the materials 
comprising the dunes, and are in all probability one of the 
sources of the wind-^blown sand. Antevs, 1935, indicates that 
basal sediments in the area are practically untouched by 
erosion, but, despite this assertion, in many places within the 
basins, caliche and the underlying Tertiary sands are at the 
present time (1943, 1944) quite actively suffering scour. As 
a result, caliche fragments are abundant in certain dunes. 

The heavy mineral suites of the Tertiary unconsolidated sands 
and the dune materials are quite similar except for a slightly 
greater abundance of hematite and hornblende in the former. 
Hematite and hornblende are not particularly stable, however, 
and could be changed or destroyed during transportation. 

The dunes represent at least two stages with respect to time 
of formation. It is rather doubtful that these stages can be 
correlated with the formation of the Judkins and Monahans 
dunes investigated by Huffington and Albritton, 1941. None of 
the dunes in Portales Valley is conformable in age to the Jud- 
kins, since the sediments are of different size grades, and even 
the oldest established dunes in the Portales Basin are much 
steeper, and have suffered much less mass erosion. In Portales 
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Valley during the initial stage low dunes of the present station- 
ary type are formed. They are characterized by fine texture 
of materials, 10 per cent clay and silt, and by the reddish 
brown color due to the abundance of iron coated sand grains. 

Some fixed dunes have been enlarged by subsequent additional 
recent deposits while others have been partially or entirely 
destroyed by erosion. In active dunes clay is generally absent, 
and the color of the sand is light gray. At the present time, 
active dunes are the largest in the area and vegetation as well 
as older dunes are being destroyed by their migration. The 
dune area has extended itself eastward within the past few 
decades into eastern Hale County, Texas, where several square 
miles of former farm land has been covered by migrating sand. 

ECOLOGY. 

The present physiograpluc condition of the area has already 
been described in the geological portion of this paper Migrat- 
ing dunes are -without doubt the direct result of overgrazing 
dunng the past several decades. It is necessary, however, to 
comment briefly on the probable length of time the present 
climatic conditions have existed, since climate limits the kind, 
duration, and extent of climatic chmax communities, while 
edaphic and biotic factors operating under the limitations 
imposed by climate control the direction and duration of 
succession. 

Level areas within the dune belt are of two types : those with 
a mature soil and a calidhe substratum, and sandj^ flats without 
such a caliche laj^er and for the most part situated above a 
shallow water table. Before grazing was extensive, the fonner 
areas probably supported a climatic climax mixed prairie biota 
charactenstic of the High Plains. They are now covered by a 
disclimax of HUaria, Buchloe^ and Bouteloua, with Mimosa^ 
Acacia, and Prosopis as subdominants. The latter areas are 
mostly covered ivith developmental communities leading to a 
relict edaphic climax of Andropogon JiaUi and Andropogon 
furcatns. 

Antevs, 193d, estimates that temperature conditions have 
been essentially the same as at present for the past 10,000 
years, and that the moistest conditions the area has experienced 
within recent geologic time occurred about 15,000 years ago. 
His conclusions are probably as nearly correct as anv, although 
his method of deduction, based as it is on several assumed 
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values, together with evaporation data taken elsewhere, leave 
much to be desiied. Assuming that Antevs’ dating of paleo- 
climate is correct, the locality would have a climatic age of 
approximately 10,000 years. During tliis time, the climax 
vegetation of the region with its associated ammals became 
established. Assuming also that 15,000 years ago marked the 
beginning of a 5,000-year period of increased moisture (Antevs, 
1935) coincident mth the culmination of the Wisconsin Ice 
Sheet, the vegetation then was in all probability more mesic in 
ciiaracter than now. Persistence of such vegetation as relict 
climax communities in local, edaphically controlled areas proba- 
bly accounts for species now characteristic of the tall grass 
prairie being present in certain portions of the dune area. 

The amount of available moisture apparently depends on the 
ti’pe and character of sediments beneath the dune area. In 
many places, dunes have migrated onto level land with a mature 
soil beneath which is a layer of caliche probably of Tertiary 
age (if Antevs’ dating is correct, it could be early Pleistocene). 
The relative impeniieability of such strata results in dunes 
above them being less moi&t than those located m areas where 
mature soil is absent, the calidie layer discontinuous or absent, 
and with the water table only slightly beneath the base level 
of the dunes 

It lb not evident that the geologic age of the several types 
of dunes correlates directly with the biota of the dunes. Vege- 
tation on them (and therefore the ammals) as well as the level 
areas they surround is controlled more by climate, the per- 
meabilit3’' of the underlying strata, and location in relation to 
the ground water table than by the geologic age of the sub- 
stratum, granting sufficient time lapse for the vegetation to 
become stable. Dry, stabilized dunes support either the climatic 
climax mixed grass prairie biota, or a coactive disclimax biota 
without regard for the time of dune foimation Most dunes 
support a relict edaphic climax association whether they are 
old, or relativelv ^mung The formation of active dunes and 
their accompanving blowouts has resulted in many develop- 
mental communities throughout the area These will now be 
considered. 

Succession on Moist Dunes. Text Fig. 2 shows the general 
scheme of succession on moist dunes The pristine climax com- 
munity was a tall grass prairie that arose when the climate 
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was mesic in character (Antevs, 1935). It now persists as a 
re'lict dominated by Andropogon halli toward the west, and a 
mixture of A. halli and Andropogon fnrcatus in eastern por- 
tions of the area. Suhdoimnants are Rhus trUohaia, StUlmgia 
sylvatica^ and Prunus sp. Sumac and sand plum are present 
where the moisture content is high, while Stillingia occurs where 
there is less moisture and the dominant grasses are more or less 
dwarfed. 
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THie predoimnants of the entire dune area formerly included 
the bison, antelope, and probably deer. These are now gone 
except for a few antelope in one or two protected localities. 
Their niche has been filled to overflowing by range cattle. 
Influents in moist dune communities include Terepene ornata, 
(terrapin) Dipodomys spp. (Kangaroo rat), PituopJiis sayi 
(Garter snake), TliaTOfiop/ifs spp. (Racers), Crotalus confiuen- 
tis (Rattlesnake), Calamospiza melanocorys (Lark Bunting), 
Callipepla squamafa (Blue quail), and Stumella neglecta 
(Western meadowlark). Grasshoppers of various species also 
exert considerable influence on the community. 

Moist dunes have been severely modified by the presence of 
cattle. Both physiographic and ecologic succession have been 
initiated, the later being coseral in character. Ground cover 




Fig 1 Fig 2. 

Blowout on a moist dune Remnants of Yucca on moist, young dune 

a former vegetated old dune are in 
foreground Hummock of younger sta- 
bilized dune m background 





Ecological Obseroatiom of SoToe High Elams Dimes. 369 

has been destroyed in many places both hy grazing and tram- 
pling. Exposure of the ground surface has resulted in exten- 
sive blowouts where once were southwestern and western sides 
of the dunes (Plate 1, Fig, 1). Sand thus loosened has lodged 
amongst the vegetation on tops and sides of adjacent dunes, 
covering it completely in many instances. IVIigrating dunes 
result, together with blowouts that extend 'below the present 
water table in some places. 

Should dunes so formed be located where a mature soil and 
an underlying stratum of caliche is absent, upward passage of 
moisture from the shallow ground water is rapid. This results 
in the presence of sufficient moisture to initiate a somewhat 
unique succession. Yucca is the first plant to appear, and 
isolated clumps of bluestem grass are usually present also 
(Plate I, Fig 2). Both plants arise from the roots and rhi- 
zomes of old, buried plants. This stage is rapidly followed by 
Rhus trilohata, which is deep rooted, and which is also spread 
by kangaroo rats gathering and storing the fruit (Plate 1, 
Fig. 3). 

The box tortoise is the most conspicuous reptile in the 
associes at this stage. There are numerous burrowing insects 
present, which include mutillids, digger wasps, and tiger beetles. 
These likewise occur in blowout areas. 

The advent of sumac, bluestem, and yucca once established 
brings about a semi-stable condition of the substratum, and 
su!bsequently sand sage {Arteviesia jUifolia) appears along with 
scattered bunches of the western bluestem, Andropogon sco- 
parms Tieomexicanus. Moist dunes reach this condition proba- 
bly two or three decades after initiation. Sage brush, and the 
increase in tall grasses furnish protection, and the animal com- 
ponents of the community increase as a result. Flocks of blue 
quail are frequently encountered, and a few western bob-whites 
were observed. Coyotes find suitable cover in the associes and 
cottontail rabbits are more numerous here than elsewhere in 
the area. 

Decline in sand sage, and increase in the control of the com- 
munity by tall grasses, imtiate the sub-climax community on 
moist dunes. Under present conditions, however, it is prefer- 
able to refer to the succeeding community as disclimax, since 
grazing effectively prevents it from becoming a tall grass eda- 
phic climax. Sand plum {Prv>niis •watsoni') appears in this 
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disclimax and rarely in the preceding community, chiefly in 
areas that have (been disturbed by coaction. 

Succession on Dry Dunes. The formation of so-called “dry” 
dunes has been described earlier. They differ from moist 
dunes by being located above a relatively impervious stratum of 
caliche, with a mature prairie soil interposed between their 
bases and the caliche. 

The climax association is apparently a faciation of the 
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mixed grass prairie, but is modified to some extent by overgraz- 
ing, even in areas where cattle have been excluded for many 
years. The dominant grasses appear to 'be the western little 
bluestem, Androyogon scoparius neomexicanjus, Sporobolus 
airoides, the alkah drop seed; with Sporobolus cryptandrus 
present in many places almost to the exclusion of other mid- 
grasses, Subdominants are Hilaria jamesi, Bucldoe dacty- 
loides, and Boutelouas of several species. Forbs present are 
Stillingia sylvatica. Yucca spp. with sand sage locally present. 

Animals are not so numerous as in moist dune communities ; 
influents being limited to terrapins and a few jackrabbits. 
Grasshoppers of various species probably exert more influence 
on the community than other animals normally present. Over- 
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grazing and trampling by cattle produce blowouts altogether 
similar to those described for moist dunes. Sand lodges 
amongst the bunch grass forming new dunes, w’hich are barren 
and active for longer periods than moist dunes. 

The first plant invaders to establish themselves are sandburs, 
Cenchrus sp. and StiUingia sylvatica (Text Fig. 3). The latter 
is disseminated by rodents gathering and storing the seeds, and 
plants appear on young dunes from roots of old plants buried 
beneath the advancing sand. Sandburs are annuals, but never- 
theless foiTii effective sand binders during the life of the imtial 
plant community. 

The community changes from initial to niid-seral rank by 
the appearance of sand sage, Artemesia filifolia, and yucca. 
These afford shelter for kangaroo rats which dig burrows 
beneath the roots. The serai picture from here on is somewhat 
obscured by coaction. Indications are that Yucca-HUaria- 
BucMoe-Bouteloua sub-clmiax community would follow, with a 
mixed grass chmax association in prospect. 

Intermittent grazing, however, has interfered with succession 
in ail stages resulting in a jumbled array of blowouts and rem- 
nants of serai and climax communities alongside one another, 
wihich presents no valid picture. Plate 2, Fig. 1 shows a partly 
vegetated blowout. The vegetation is clnefly sandburs while 
the hummocks have held fast due to the presence of yucca and 
some bunch grass. Plate 2, Fig. 2 shows the effects of intense 
grazing and trampling near the base of a dry dune. Clumps 
of sage brush, together with some Andropagon persist on the 
hummocks. 

In areas wdiere grazing has not been so intense many dry 
dunes are covered by a disclimax community composed chiefly 
of Hilaria and Buchloe, with Bouteloua, Sporoholus, and the 
Andropogons occupying sub-dominant positions, or being only 
incidental. The inference is that succession would ultimately 
proceed to a mixed grass climax if grazing pressure were 
reduced (Text Fig. 3). ^ 

Succession on Level Sandy Areas. The areas of relatively 
level sand wliich occur witliin the dune belt are located for the 
most part where the ground water is quite close to the surface. 
These “flats” have originated in two ways : some are extensive 
blowouts, while others are apparently the result of aeolian 
deposition from older fluviatile deposits. In many places, blow- 
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outs have progressed even below the now present water table 
and shallow ponds have resulted. 

Text Fig. 4 shows schematically how succession progresses 
on sandy areas. The initial community is an agglomeration of 
ragweed, Ambrosia bidentata and A. artemesiafdlia, sunflowers, 
Helianthm aTvtms and A. cUiatuSi sandburs, Cenchrm sp. and 
goatheads, Tribtdus terrestris. All these species form local 
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consocies depending primarily on the chance distribution of the 
dessemmules. 

The initial community is replaced by an Artemesia-Rlius- 
Yucca associes, in which are considerable quantities of Sporo- 
holiLs ariodes and Pardcum spp. Clumps of sand plum occur 
locally. The next stage in succession is probably a development 
of the first mid-seral community, since sand sage is decidedly 
dominant, yucca is on the decline, sand plum is static or repro- 
ducing only slightly, and Andropogons have appeared in 
quantity. 

If such areas were left undisturbed, they would in all proba- 
bility return to the edap'hic climax relict tail grass association, 
but under conditions imposed by present grazing programs, 
they are held rather static in the sage-'sand plum-Andropogon 
stage. It can hardly be called a disclimax, since Andropogons, 
dominant in the relict climax, hold only a subdominant position. 
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In clumps of plum 'brusih and local areas where the water 
table is at or near the surface, mots of ehn, Vlmus americana, 
hackberry, Celtis sp., and cottonwoods, Populus deltoides, occur. 
Grape vines are often present in such places also, and the tangle 
produced furnishes excellent cover for skunks, cottontail rab- 
bits, scaled and bob-white quail, and pack -rats. Swainson’s and 
Sparrow hawks have been found nesting in the larger trees. 
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In all probability a slow advance is now in progress from 
both the sage-yucca-bluestem associes, and the hackberry-elm- 
cottonwood community toward a true climax of Andropogon 
and Sporobolus, with sand plum remaimng in good sized clumps. 
At present, however, there are but moderate indications of this 
assumption (Text Fig. 4). 

Ponds Formed by Blowouts. (Text Fig. 5.) As mentioned 
previously, blowouts frequently extend 'below the now present 
water table resulting in shallow ponds or lakes. The water 
varies from a few inches to about three feet in depth, and from 
a few square yards to two or three acres in surface area. Dur- 
ing dry periods (minor cycles) the shallower ponds dry up 
owing to increased evaporation and lowering of the water table. 
The indications are that the deeper ponds have not gone dry 



374 Harold M. Hefley and JR aymond Sidwell — Geological and 

since their inception, and do not do so until oibliterated by being 
filled with sand and vegetation. 

Tlie initial stage in the pond succession is a Nitella com- 
munity, in which water beetles, amphipods, and crayfish may or 
may not be present. NiteUa grows abundantly in the hard 
“gyp” water, and a deposit of so-called “chara coze” — black, 
foul smelling mud — is present in some of the deeper ponds. 
Many aquatic insects are associated with the Nitella^ and 
Hydllella hmclcerhocJcerii is present in some ponds. Crayfish 
are present in ponds close to intermittent watercoui*ses, since 
the animals are unable to migrate far overland. 

Fringing the ponds and extending into shallow water for 
several feet is a Sedge associes composed chiefly of Carecc and 
Jimctbs, and occasionally Scirpus. This community becomes 
extended centnpetally as the depth of the water is reduced by 
aocumulating sand. Associated with the Sedge community are 
the western leopard frog, Rana splienocephala^ the cricket frog, 
Acru sp., together with snails of several unidentified species. 
Cotton rats, Sigmodon sp., have well-worn trails m the dryer 
parts of the conunumty. During the winter months, long billed 
marsh wrens were observed in the dead sedges. 

The sedge community is succeeded by either of two associes, 
depenihng on the rate of deposition of sand in the ponds. If 
deposition is rapid, needle grass, Aristida spp. and the blue 
steins rapidly appear. If grazing is on a reduced scale or 
absent, Andropogon halli, and A. furcatus eliminate the Aris~ 
tida and the relict climax of tall grass results. Grazing, how- 
ever, often eliminates the tall grasses and results in the exten- 
sive stands of needle grass to the exclusion of all other plants. 
If the accumulation of sand is slow, cottonwood seedlings 
appear in the sedge commumty and form a transitory stage in 
succession. Many are quickly eliminated, leaving only an occa- 
sional tree to reach maturity. Sand plums follow next in order, 
followed by elm and hackberry seedlings. These in turn modify 
conditions so that grape seeds, scattered by birds resting in the 
developing trees, gemiinate and ultimately form a tangled mass 
of vines. The associes thus formed {Frvm.'m-Ulmus-PopvZus- 
Celiis-Vitis associes) is probably sub-climax in rank, since no 
noticeable reproduction occurs. 

There is sufficient moisture present owing to the high water 
table for trees to survive for considerable periods of time. The 
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inference is that the community would ultimately revert to tall 
grass prairie under natural conditions. Modified as it is hy 
the presence of cattle which are limited in range by fences, blow- 
outs are often started in the vicinity of clumps of trees. The 
beasts congregate in such places for shade and shelter, espe- 
cially during the summer. 

SUMMARY. 

Geologically, the dunes of the area represent two or more 
stages of development as shown by the presence of both station- 
ary and migratory types. This is also suggested by the varia- 
tion in texture, color of the materials, and the abundance of 
heavy materials in the various dunes. The diameter range of 
the sand in the maximum size grade is smaller in stationary 
dunes and the color of the materials is darker (reddish brown), 
probably due to a greater abundance of iron coated sand 
grains. The heavy minerals are similar in each of the dune 
typo^ but, with the exception of magnetite, are present in 
greater abundance (with respect to the per cent of the total 
number of sand grains) in migrating dunes. 

No part of the sand dune belt confined chiefly to shallow, 
basin-like structures extends beyond the limits of the Tertiary 
and early Pleistocene deposits. These underlying sediments are 
at the present time undergoing erosion and redeposition. As a 
result of this gradational work, caliche fragments are found in 
many of the dunes. The heavy mineral suite of the Tertiary 
sands and the sand dune materials is similar also. Other sedi- 
ments probably of lacustrine origin (with the exception of iron 
stained quartz grains) are similar to the materials in the sand 
dunes. This evidence suggests a local origin for the windblown 
sands. 

The dune belt under discussion consists of five edaphic parts. 
These are: 1. moist dunes ; 2. dry dunes ; 3. level areas that have 
never been covered by sand ; 4. level sandy areas, and 5. shallow 
ponds caused by wind action. 

Some dunes are stable, others are semi-permanent, while 
others are young and actively migrating. 

There has been an apparent rejuvenescence of dune activity 
within the past several decades. This has probably resulted 
from a combination of a progressively more arid climate since 
late Pleistocene times, and coaction initiated during the past 
several decades of overgrazing. Blowouts result from insuffici- 
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ent ground cover. Tihese in turn have initiated both physio- 
graphic and ecologi'c succession (ooseres of Clements) within 
the area. Each edaphic portion of the dune (belt has its par- 
ticular cosere. If the water table is high, the edaphic climax 
of moist dunes, level areas, and blowout ponds is a taU grass 
prairie community. If the water table is low, or is insulated 
from dunes by an intervening layer of caliche and a buried 
mature prairie soil, the climax association is a faciation of the 
bunch grass prairie, the climatic climax of the region. There is 
little or no evidence that the geolo^c age of the surface sub- 
stratum correlates with the biotic communities thereon. Climate 
acting directly, and in concert with the characteristics of the 
substratum, are the controlling factors. 

All portions of the sand dune area, whether controlled chiefly 
by climate or by edaphic factors, now support specific coactive 
disclimaxes, the result of overgrazing. 

Heferexces 

1. Antevs, E : 1936, The occurrence of flints and extinct animals in 

pluvial deposits near Clovis, New Mexico Pt. 2. Age of the 
Clovis Lake days Proc Acad. Nat. Sci, Phila, vol 87, pp. 804- 
312 

2. Carpenter, J. R ; 1988, An ecological glossary University of Okla- 

homa Press, Norma’n. 

8. Clements, F. E., and Shelford, V. E.: 1939, Bio-ecology, John Wiley 
and Sons, N. Y., pp. 7-425 

4 Howard, E. B.: 1935, Evidence of early man in North America. Penn. 
Univ. Miis Journal, Nos. 2-3, pp 61-176 

5. HuiSngton, R M., and Albritton, C. C., Jr . 1941, Quaternary sands 

on the southern High Plains of Texas. Amer. Jour Sci., Vol 230, 
pp 325-338 

6. Just, T.' 1939, Plant and animal communities Am. Midland, Nat, 

Vol. 21, pp. 1-265. 

7. Livingston, B. E., and Shreve, P • Distribution of vegetation in 

the United States, as related to climatic conditions Carnegie 
Inst, Washington Publ. 284, pp 16-590 

8. Meimser, O. E : 1923, The occurrence of ground water in United 

States, with a discussion on principles, U.S.G.S Water Supply 
Paper 489. 

9 Melton, F. A.: 1940, A tentative classiflcation of sand dunes; its 
application to southern High Plains. Jour. Geol, Vol. 48, pp. 
113-174. 

10 Smith, H. T U : 1943, Aerial photographs and their applications, 
Appleton-Century Co, pp 311-321 and plates 

11. State Board of Water Engineers, Texas; Bailey County, 1937. Hale 
County 1938. 

(Contnbution from the Departments of Biology and Geology, Texas 

Technological College.) 

Texas Techxtologicw, Colusgb, 

Lubbock, Texas 



VERTICAL DISTRIBUTION OF PELAGIC 
FORAMINIFERA* 

FEED B. PHLEGER, Jb. 

ABSTRACT The importance of additional knowledge of the ecology of 
pelagic Foraminifera is stressed. Methods for quantitative collections and 
study of pelagic Foraminifera are discussed. Study of five serial plankton 
tows mdicates that living Foraminifera are present in significant quantities 
down to a depth of at least 1,000 meters. 

S TUDY of submarine cores lias shown the necessity of more 
accurate knowledge of the ecology of Foraminifera. The 
mosit fundamental problem is tbe question of where the animals 
live during all or part of thdr existence. It is known that cer- 
tain species are pelagic, because they have been collected in 
plankton tows, and it is assumed that all others are benthonic. 

Most geologists have suhco'nsciously assumed that all pelagic 
Foraminifera live at the surface of the sea. This does not 
appear logical since other elements of the plankton live through- 
out the water column. It is true, however, that the greatest 
abundance of plankton occurs in the surface water layers. In 
addition, certain distributions of benthonic Foraminifera in 
submarine cores are difficult to explain if we assume that they 
are strictly benthomc. 

There are other aspects of the problem of distribution of 
pelagic species. Do the shells in marine bottom samples repre- 
sent an assemblage which lived in the water directly above the 
position of the sample.'* How far are the shells transported 
by currents before deposition? In interpreting past marine 
environments by faunas in submarine cores, it is essential to 
know what water layers are being interpreted. Most of the 
work done on submarine cores has been a study of the different 
marine environments represented by the deposits at different 
levels in many cores. The recognition of environmental differ- 
ences in the sediments whidh occur in the cores is based almost 
entirely on different occurrences of Foraminifera at different 
stratigraphic levels. Most of the differences between faunas 
occurring at different core levels can he interpreted as due to 

* Contribution No 33S. Woods Hole Oceanographic Institution 
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water temperature or cHmatic variations. Many of the Fora- 
minifera used for these relative temperature determinations 
are pelagic. 

If aU the pelagic forms normally live at or near the surface 
of the sea, the problem of interpretation is a simple one, but 
the greater the vertical distribution of the pelagic Foraminifera, 
the more complex the proiblem. In ocean water of warm tem- 


TEMPERATURE (*C) 



Fig. 1. Minimum and maximum temperature profiles for the continental 
slope water off eastern North American. (Modified after Iselm.) 


perate regions there is a decrease in temperature with depth. 
Moreover, the layers of water 'above about 100 meters depth 
have a much greater annual range of temperature than deeper 
water. This is shown graphically in Fig. 1, which contains 
generalized mimmum and maximum temperature curves for the 
water of the continental slope off eastern North America. Any 
foraminifer which lives at 500 meters depth must have a differ- 
ent temperature tolerance (8-10° C.) than one which is 
restricted to the surface (12-26° C.) (See Fig. 1). 

This paper is in the nature of a report on methods which 
have been developed for attacking the problem of bathymetric 
dKstn'bution of Foraminifera. The data obtained from the 
plankton tows made by the writer are inadequate, but they illus- 
trate the procedure and may be indicative of the type of results 
to be expected in future investigations. 

Any study of the distribution of pelagic Foraimnifera should 
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be made from tows taken at known water depths and should be 
quantitative if it is to be of any value in soilving the problems 
relative to ecology and paleoecology. Most records of tows 
are purely qualitative and are from surface water zones. One 
of the recent exceptions is the work done aboard the Meteor 
in equatorial Atlantic waiters, reported by Schott (1935).^ A 
series of traverses were made between the African coast and 
Brazil. In the report of the Meteor Expedition, Schott lists 
plankton tow records for Foraminifera from 93 stations. The 
tows were made vdth a Nansen closing net, and the water was 
sampled at various depths down to 1000 meters. The tows were 
of uniform time duration and the total number of specimens 
of Foraminifera in eadh sample were counted, with percentage 
ratios of the species also listed. In this region the greatest 
frequency of pelagic Foraminifera is in water depths of 0 to 
100 meters, although significant numbers occur at all depths 
sampled. The following is an analysis of Schott’s data by the 
writer, and it clearly shows this. 

Mean No of 

Depth in Meters No. of Tows Specimens per Tow 


0-100 ... 

.... 71 

489 

100-200 

.... 7 

8 

200-400 

13 

24 

400-600 

19 

10 

600-800 . 

. . 13 

11 

800-1000 

19 

28 


Glohigerinoides saccvlifera is the most abundant species in the 
Atlantic equatorial region. Glohigerina buUoides and G. inflafa 
are found in abundance only in the colder surface waters of this 
equatorial region or in the colder water at considerable depth. 

The quantitative results of these tows are only partially 
reliable, as Schott realized. The reliability of the results show- 
ing the mean numbers of specimens occurring at different depths 
is directly proportional to the number of tows. A difficulty 
inherent in the Nansen closing net is that the volume of water 
strained is unknown. Great variation in volume strained is 
common, as illustrated by quantitative plankton samplers now 
in use No attempt was made to discover which specimens were 
alive when collected and which were simply empty shells. The 
empty shells represent specimens which are sinking to the bot- 
tom and are of no significance in solving problems of habitat. 

During a sho>rt cruise of the Atlantis in the summer of 1941, 
the writer made serial plankton tows at known depths to 1000 
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meters. These were made with the quantitative sampler 
developed by Dr. George L. Clarke and Mr. Dean T. Bumpus 
(1940)“ of the Woods Hole Oceanographic Institution. This 
device may be opened and closed at known depths, and in addi- 
tion, the volume of water straaned as measured by the revolu- 
tions of a propeller. The plankton was preserved successfully 
in neutral formalin; adequate neutral formalin may be made 
by addition of sodium carbonate to the solution. Formalin 
which is not neutralized wiU, in many cases, dissolve the tests of 
Foraminifera. The use of alcohol as a preservative is not 
recommended since it makes a white gelatinous precipitate with 
sea water, and it is difficult to see and to disengage Foraminifera 
from the other plankton. 

In operating these plankton nets for pelagic Foraminifera, 
certain precautions must he observed, since the small size and 
relative abundance of the specimens may cause inadvertent 
contamination from material on board ship or in water layers 
not being sampled. The nets must be kept in a clean container or 
hanging, and contact with other things on hoard avoided. When 
the nets are recovered after a tow has been made, they should 
he thoroughly washed on the outside with fresh water or filtered 
sea water. After recovering the plankton from the net, which 
is done by repeated washing into a bottle fastened to the end, 
the net should be cleaned with a stiff spray of water for several 
minutes. 

In order to study the Foraminifera it is necessary to sepa- 
rate them from the remainder of the plankton, of which they 
may constitute only a fraction of one per cent. This may be 
done by extracting each specimen with a pipette, and this pro- 
cedure avoids injury to delicate specimens. Each plankton 
sample must he thoroughly examined several times, since small 
specimens tend to be obscured by other plankton materials. 

One of the difficulties has been to distinguish living specimens 
from empty tests. This involves recognition of protoplasm in 
the specimen and is very difficult without staining. Certain bio- 
logical stains can be applied, but deoalcification of the speci- 
mens is advisable and in most cases necessary. This procedure 
destroys the test which is most valuable for a paleontologist 
and upon which the recognition of the species is based. At the 
suggestion of Dr. George P. Child of the Amherst College 
Biology Department, a successful technique for recognizing 
protoplasm without dissolving the test was developed by Mr. 
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Garrish Metcalf, a student at Amherst College. This is the 
Biuret test for protein in which the protein-containing sub- 
stance such as any protoplasm is colored purple. 

The procedure in making the Biuret test on this material 
is as follows: Foraminifera in formalin solution are placed in 
a shallow glass evaporating dish and to this a few drops of a 
10 per cent solution of sodium hydroxide are added. The 
sodium hydroxide breaks down the proteins in the protoplasm 
to form compounds related to urea. After several minutes (in 
the experience of the writer approximately 30 to 40 minutes) 
a few drops of a very dilute solution (.05 per cent) of copper 
sulphate is added. In a short time the protoplasm is colored 
purple and this coloration can be seen clearly through the test 
against a white background with a properly adjusted light 
source. If the specimens are to be stored for future reference, 
it is necessary to wash them several times before storing, since 
the sodium hydroxide eventually will destroy the tests. The 
entire technique is simple, speedy, and the shells can be pre- 
seiwed for future reference. 

This method can be used to great advantage in studying 
benthonic populations. Any marine bottom sample probably 
contains more empty tests than live Foraminifera. . It is neces- 
sary to know winch specimens were living at the time the sample 
was taken to determine: 1.) which species actually live in that 
environment and were therefore not transported there, and 2.) 
the productivity of the area and therefore the probable rate 
of accumulation of the tests. Also, there is some evidence that 
certain pelagic species may live a part of their life cycle at 
or near the bottom. Many empty tests of Foraminifera become 
filled witli clayey substances on marine bottoms. These materi- 
als have an appearance not unlike protoplasm after being 
placed in a preserving solution. Ordinary biological stains 
affect this substance in almost the same way as they do proto- 
plasm, and so cannot be used to differentiate living from dead 
specimens. The Biuret test is a successful method for dis- 
tinguishing those individuals filled with protoplasm. 

The greatest concentration of pelagic specimens is in water 
over the continental slope and ocean basins, according to 
occurrences in bottom samples. The 1941 Atlantis tows came 
from the basin of the North Atlantic, south oif Georges Bank, 
where the depth of water varies from about 3000 to 5000 
meters. The tows were made primarily to discover if the 




The numbers in Jight type indicate living specimens and the numbers in italics and in parentheses indicate empty tests. 
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quantitative samplers could be opera;ted successfully at great 
depths and whether Poraminifera occurred at depths in this 
region and could be collected. An equally important purpose 
was to use the material for experiments in the tedhnique of 
preservation and study. 

Since only six serial tows were made ( and the material in one 
tow was destroyed in the process of experimentation) the results 
have no quantitative significance. It is possible, however, to 
make several interesting and important observations on the 
data obtained. The most significant fact is that specimens of 
Forammifera were present in every sample collected at several 
depths from 75 m to 1000 m. The number of living specimens 
found at 1000 m. varied from 1.5 specimens to 4.6 specimens 
per cu m. of water. At station 4, approximately four and one- 
half times the number of living specimens per unit volume of 
water were found at 975 m as were found at 75 m. It is true 
that most of the specimens found in most of the deep tows were 
empty tests, presumably those settling from the upper layer of 
water. The data suggest a larger population of Kving Fora- 
minifera at about 1000 m. than at about 100 m. at some 
localities. 

Nearly all the specimens in the tows are very small and with- 
out exception very thin shelled. This may have been due to the 
season of year at which collecting was done (August). In 
bottom samples from the same r^on a large percentage of the 
specimens are large and heavy-sheUed. By far the greatest 
number of living and dead specimens were of Globigerma hidlo- 
ides with Globigerinoides rubra occurring in significant numbers. 

This is preliminary to a more extensive program of towing 
for pelagic Foraminifera which, it is hoped, can be undertaken 
as soon as conditions permit It is further hoped that other 
indmduals and organizations will undertake similar studies, 
either in the North Atlantic or elsewhere, and that similar 
studies will be made on benthonic populations. 
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PHYSICAL AXES OP REFERENCE AND 
GEOltlETRICAL AXES OF REFERENCE 
FOR QUARTZ. 

AUSTIN F. ROGERS. 

ABSTRACT. Coordinate axes OX, OY, and OZ used in equations 
involving piezo-electric, elastic, and other physical properties of crystals 
may be called physical axes of reference These are orthogonal axes for 
hexagonal crystals as well as for crystals of the other crystal systems. 

Coordinate axes of reference for designating crystal faces may be 
distinguished as geometric<d axes of reference. For crystals of the hex- 
agonal system the following sets of geometrical axes of reference (axial 
systems) have been employed; 

a,: a,: date; aiAai=aaAa3=60“, aiAc= 90 ® (Weiss) 

01:02:03=!; Aaa=aaAa.j=aiAas=a (Miller) 

01:03:03:0; aiAo 2 =a 2 Aas= 120 ®,aiAc= 90 ° (Bravais) 
o: 6 :<J=V 3 ;l:c; aA6 = 6 Ac=oAc= 90 ® (Schrauf) 

Only in the case of the orthohexagonal axes of reference of Schrauf 
do the physical and geometrical axes of reference comcide but the ortho- 
hexagonal axes are not suitable for geometric axes of reference. 

The Bravais axes of reference are to be preferred to the Miller axes 
since the unit cell of the space lattice of quartz is a hexagonal prism-pina- 
koid combination rather than a rhombohedron. 

Although a left-handed axial system may be advantageous for physical 
axes of reference in dealing with left quartz, the same set of geometrical 
axes of reference should be used for both left and right quartz. 

In drawmg enantiomorphous pairs of crystals (either plans, elevations, 
or clmogpraphic drawings) left-handed crystals may be rptated to the 
right (clockwise) instead of to the left (counter-clockwise) as ordinarily. 

INTRODUCTION. 

I N equations involving the piezo-electric and elastic prop- 
erties of quartz an orthogonal set of coordinate axes of ref- 
erence is used (1) (2) . The optic axis is selected as the Z-axis ; 
one of the three polar electric axes, which are axes of 2-fold 
symmetry taken as the A'-axis, and a line mutually 

normal to the optic axis and to the particular electric axis 
chosen is made the F-axis. The latter-mentioned direction has 
in recent years been called the mechanical axis. The accom- 
panying drawing (Fig. 1) shows in plan and side elevation a 
typical quartz crystal (forms 7 b{ 10T0}, r{10Tl, and ^{OlTl}) 
with an oriented plate usually known as the X-cut since it is 
normal to an A^-axis, It vdll be recalled that alternating vol- 
tage applied along the electric or A-axis of such a plate sets 
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up a vibration (expansion and contraction) parallel to the 
mechanical or F-axis and conversely, stress applied in the direc- 
tion of the mechanical axis produces an electric charge on the 
sides of the plate in the direction of the dectric axis. The fre- 
quency of the electric charge is largely a function of the dimen- 
sions of the plate(3). 

A set of coordinate axes such as X, F, and may be called 
physical axes of reference to distinguish them from coordinate 



plate showing physical axes of reference X, F, and Z and geometrical 
axes of reference, Og, and e. 


axes used in denoting the position of crystal faces which may 
be called geometrical axes of reference? 

In Fig. 1, the geometrical axes of reference of Bravais, aj, 
a 2 > ® 3 J and c are represented by dot-and-dash lines. The physi- 
cal axes of reference AT, F, and Z are indicated by dash-with- 
vertical-dot lines. Where geometrical and physical axes of 
reference coincide as in the case of the c-axis and the A'-axis a 
dash-with-cross-dot line is used. Orthogonal axes are always 
employed for phj'^sical axes of reference in all crystal systems.® 
Crystal morphology is unusual in that a considerable variety 
of axes of reference are required. In the customary treatment 

*-If capital letters are used for these axes there need be no confusion 
with the lower-case letters » and % used in designatmg crystal faces and 
forms. 

"The term “crystallographic axes” often used for axes of reference 
should he avoided smce there are various other axes involved in geometrical 
crystallography such as axes of symmetry and zone-axes which are no 
less important. . 

"These are usually given as OX, OY, and OZ as in analytic geometry, 
but Wooster (2) prefers OX,, OXs, and OXg. 
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of geometricfil crystallography these are almost taken for 
granted and there is not enough discussion of their variation. 
The chief emphasis placed upon axes of reference has heen 
their use in defining crystal systems but entirely too much 
stress has been put on this relation. It seems better to define 
crystal systems in terms of zones (4, p. 38). 

It is my purpose here to inquire into different sets of geo- 
metrical axes of reference, or axial systems'* as Story-Maskelyne 
(5, p. 27) called them, used at various times for crystals of 
the hexagonal system which may be most simply defined as 
including all crystals with a single hexagonal zone (4, p. 39). 

THE AXIAL SYSTEM OF WEISS. 

Weiss (6), who shares with Mohs the honor of establishing 
the crystal systems in the early part of the nineteenth century, 
made use of four axes of reference, three in one plane (a^, flgs 
ag) at angles of 60° to each other and a fourth (c) normal to 
the plane of the other three (see Fig. 2). At that penod this 




Fig. 2. Plan of a quartz crystal with the forms r {lOTl}, z {OlTl}, and 
m {lOTO}, showing the Weiss axes of reference. 

Fig 3. Plan of a quartz crystal showing the Miller axes of reference. 

must have been a bold suggestion but time has proved the wis- 
dom of his proposal. He selected axes to suit the crystal 
rather than the reverse. 

THE AXIAL SYSTEM OF MILLEK, 

Miller(7) adopted the method of indicating crystal faces by 
the index-symbols which bear his name, following the suggestion 
of Whewell(8), his predecessor at Cambridge, who is chiefly 

* Axial systems, it should be remarked, have no necessary connection with 
crystal systems. 
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noted for his History of the Inductive Sciences. Instead of 
using four axes of reference for hexagonal crystals, Miller 
chose three axes parallel to the polar edges of a rhom'bohedron 
(see Fig. 3). Since these axes of reference are interchange- 
able ther are designated as Aj, and Og and the interaxial 
angle a becomes the geometrical constant instead of the ratio 
a : c. Miller placed all hexagonal crystals in his rhombohedral 
system and did not recognize the hexagonal system even in his 
later work(9). For the general form of the dihexagonal 
dipyramidal class he used the double symbol {hld)^{efg]. In 
spite of the fact that the indices h,hX and ef,g are mathemati- 
cally related, this feature is so objectionable that it has been 
abandoned for crystals of the hexagonal subsystem by prac- 
tically all modem crystallographers. 

THE AXTAIi SYSTEM OF BEAVAIS. 

Bravais(lO), who may be considered the founder of struc- 
tural crystallography, remedied the difBculty of the double 
symbol necessary for some hexagonal crystals by using the 
four axes of reference of Weiss but took them in a different 
order. He placed the positive ends of the lateral axes Aj, agj 
and Uj at angles of 120° (instead of 60°) as shown in Fig. 4. 
This furnishes the four-index symbol {KkU} which is now known 
as the Bravais symbol. By selecting lateral axes at 120° 
instead of at 60°, crystals belonging to the rhombohedral sub- 
system (4, p. 75) which greatly predominate over those of the 
hexagonal subsystem (4, p. 75) are adequately treated. Bra- 
vais symbols are now much more extensively used than Miller 
symbols for crystals of the rhombohedral subsystem. Unge- 
mach, Alsatian crystallographer, went so far as to express the 
opinion that the Miller three-index symbols should not be 
used for any crystals of the hexagonal system. This is an 
extreme view ; it would seem preferaible to employ Miller symbols 
in cases where the unit-cell of the space-lattice is a rhombohe- 
dron (Fjjj) and Bravais symbols in cases where the unit-cell is a 
hexagonal prism-pinakoid (Fj^) combination. This would mean 
the employment of both Bravais symbols and Miller symbols 
in the list of forms for the five classes of the rhombohedral sub- 
system as recommended by the writer (4, pp. 85-86) and now 
adopted m the new (seventh) edition of Dana’s System of Mm- 
eralogy. The use of Miller indices brings out the relation of 
rhombohedral crystals to isometric crystals ; this is often lost 
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sight of (4, p. 85). Miller indices may also be important in 
that they demonstrate that the faces of any crystal what- 
soever may be represented by a three-index symbol. 

THE AXIAI. SYSTEM OE SCHEATJF. 

Schrauf(12), one of the school of crystallographic physicists 
of Vienna, introduced orthogonal axes of reference for crystals 
of the hexagonal system. This he did by selecting one of the 



Pig. 4. Plan of a quartz crystal showing the Bravais axes of reference. 

Fig. 6. Plan of a quartz crystal showing the Schrauf axes of reference. 

three axes of 2-fold symmetry as the b-axis and a line normal to 
this axis and also normal to the vertical axis as the a-axis. The 
unit on the b-axis is 1 and the unit on the o-axis is V3 or 1.732. 
The c-axis is normal to both the o-axis and the b-axis. The 
axes of reference are shown on a plan view of a quartz crystal 
(Fig. 5). SchrauFs change of the name of the hexagonal sys- 
tem to orthohexagonal system is an interesting demonstration 
of the undue emphasis placed upon geometrical axes of ref- 
erence in defining crystal systems. 

In the Schrauf method the geometrical axes of reference coin- 
cide with the physical axes of reference and at first glance this 
may appear to be an advantage, but an insuperable objection 
is that a form such as the hexagonal prism (m) requires a 
double S 3 rmbol {100} {110} as may be seen from Fig. 5. It 
is now generally agreed among crystallographers that any form 
must be represented by a single form-symbol and furthermore 
that all the face indices of a form must be permutations of one 
of the faces of the form. This, it will be recalled, was one of 
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the reasons for rejecting Miller’s scheme of using three-index 
symbols for crystals of the hexagonal subsystem. Since the 
vertical axis in the hexagonal system is always either a three- 
fold or a six-fold axis of symmetry it is important that the 
lateral axes of reference should be symmetrically placed with 
respect to crystal faces which requires that either they or their 
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Fig. 6. (Modified from Cady and Van Dyke.) Plans and elevatious 
of right quartz (b) (forms r {lOTl}, z {OlTl}, m {lOTO}, s {1121}, and a 
{6151}) and left quartz (a) (forms r {lOTT}, » {OlTT}, m {lOTO}, Si {2111}, 
and {6131}) showing the physical axes of reference, 2C, 7, and Z. 

plan projections must be at angles of 60° and preferably at 
angles of 120° to each other. 

The Schrauf method of treating crystals of the hexagonal 
system does not seem to be very well known, although he elab- 
orates upon it in a book published not long after his article 
appeared(13). My first acquaintance with orthohexagonal 
axes of reference was a brief reference in a book by Bauerman 
(14) of the Royal School of Mines in London, an excellent text- 
book that came into my hands many years ago. 
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THE DEAWING OP EHANTIOMOEPHOTJS PAIES OF CRYSTAXS. 

The inspiration for writing the present paper came from a 
perusal of an article by Cady and Van Dyke(15). In their 
paper they recommend the use of a right-handed axial system 
(physical axes of reference) for right quartz and a left-handed 
axial system for left quartz. Their proposal for what they 
call the Right-Left aoAal system, is well illustrated by their Fig. 





Fig 7. Plans and clinographic drawings of right quartz (b) and left 
quartz (a) drawn to bring out the enantiomorphous relation of the two 
crystals. (Forms as given in the caption of Fig. 6.) 

2 which shows combined plans and elevations drawn so that 
the enantiomorphous relation of the two kinds of quartz is 
brought out. Fig. 6 of this paper is a simplification of their 
Fig. 2. It is evident that the two crystals so represented are 
mirror-images of each other. 

In 1912 the writer(16) showed the enantiomorphous rdation 
of right and left quartz by combined plans and clinograpliic 
drawings constructed so that the rotation of the left quartz 
is to the right (clockwise) instead of to the left (counter-clock- 
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wise) as ordinarily. The figure of the left quartz may be 
very simply made by tracing the drawing of the right quartz 
through from the opposite side of the drawing sheet. Fig. 7 is 
a new draining of a right quartz crystal and a left quartz crys- 
tal made in this way. 

THE REMAEKABLE PROPERTIES OP QUARTZ. 

The English author Robert Greene in his fantastic tale 
“Orpharion,” written in 1588, in the passage . . as full of 
excellent qualities as the precious stone Silex is full of secret 
vertue . . .” evidently refers to quartz or rock crystal. 

And now at the risk of being accused of crystallolatry I 
venture to call attention to some of the remarkable properties 
of quartz, which is the best known and one of the most impor- 
tant of all minerals. 

(1) The optical activity or ability to rotate the plane of 
polarization, so prominent in quartz, is possessed by but one 
other mineral (cinnabar). 

(2) The elastic properties may be represented by the figure 
of elasticity, a dimpled rhombohedron with much-rounded edges 
and corners (2, p. 250). 

(3) The piezo-electnc properties discovered by the French 
physicists, Jacques and Pierre Curie, in 1880, account for the 
use of untwinned quartz plates as frequency controls of radio 
transmitters. The piezo-electric surface is a triple-almond- 
shaped surface, the symmetry of the entire figure being that of 
the ditrigonal dipyraraidal class (1, p. 863; 2, p. 216). 

These and other physical properties are related to the vec- 
torially discontinuous properties of form and solution. 

The s3TQmetry formula of a-quartz (low quartz) is Ag.SAo. 
The axis of 3-fold symmetry is the optic axis and the axes of 
2-fold sjTnmetry which are polar are the electric axes. 

The symmetry, not evident in a crystal such as represented 
in Figure 1, is manifest in some crystals by the presence of 
faces of the general form {hJeU} and {iJchl}i trigonal trapezo- 
hedrons, the most common of which are x{5161} and .27 i{ 6T51}, 
or by faces of the tngonal dipyramid {h.h2h.l} and {2h.hJL.l}, 
the most common of wliich are s{ll2l} and Si{2TTl} (see 
Fig. 7). 

The symmetrjr is also revealed by etching either euhedral 
crystals such as represented in Fig. 1, oriented plates, or cut 
spheres. 
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Quartz is truly one of the most remarkable of all substances. 
An adequate account o-f its properties will be found in the 
excellent monograph of Sosman(17). 

In conclusion I wish to record my obligation to my colleague, 
Professor Stephen P. Timoshenko of the Mechanical Engi- 
neering department, a former student of Voigt at the University 
of Gottingen, who was good enough to discuss with me some of 
the points brought out in this article. 
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SILICA IN NATURAL WATERS. 

CHALMER J. ROY. 


ABSTRACT. The geological literature relating to the transportation and 
precipitation of dissolved silica is essentially tinanimons as to the col- 
loidal state of the silica. 

The present paper reviews the geological literature with special reference 
to the basis for this conclusion It is shown that the conclusion is based 
on inadequate chemical evidence. Recent chemical investigations which 
indicate that the dissolved silica in natural waters is m true solution, prob- 
ably ionic, are cited 

As the prevailing theories on the origin of the siliceous sedimentary 
rocks are based on the assumption that the dissolved silica is colloidal, it 
is felt that knowledge of the overwhelming evidence to the contrary should 
clarify our geological thinking on these perplexing problems 

INTRODUCTION. 

D uring the past ten years the author has made rather 
extensive studies of chert in a variety of areas and geo- 
logic systems, but especially in the Mississippian limestone 
flanking the Ozark uplift. In attempting to arrive at a satis- 
factory explanation of field relationships I have found it nec- 
essary to examine the literature on the transportation of silica 
in natural waters. It has been found that there is a significant 
disagreement between the geologic and chemical literatures in 
regard to this subject. The present paper reviews each liter- 
ature separately and presents what seem to be necessary con- 
clusions. 

The writer is indebted to numerous individuals, both geol- 
ogists and chemiists, who have discussed this matter with him. 
I wish to express my gratitude especially to Dr. F. B. Kniffen 
of Louisiana State University for his careful reading of the 
manuscript and to Dr. M. C. Schwartz, Director of the Engi- 
neering Experiment Station, Lomsiana State University, for 
valuable assistance in the study of chemical hterature and for 
his critical reading of the manuscript. 

GEOLOGIC LITERATURE. 

The geologic literature dealing with the transport of silica 
in natural waters considers the siMca to be in a colloidal state. 
This concept has had profound effect on geologic thought 
regarding the origin of siliceous rocks. 
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Nearly all subsequent discussions of the state of silica refer 
to a paper by Kahlenberg and Lincoln (1898)^^ * Who remarked 
that their experiments seemed to indicate that silica in natural 
waters is colloidal. They examined the electrical conductivity 
and the effect on the freezing point of solutions of sodium, 
potassium, lithium, rubidium, and caesium silicates. These 
solutions were prepared by adding the required amounts of the 
pure alkali hydroxide to a solution of silicic acid. It was found 
that the alkaline silicate solutions thus formed were hydrolyzed 
into alkali hydroxides and colloidal silica. Calculations indi- 
cated that in a solution with less than one gram molecular 
weiglit of the silicate in 48 liters of water (1250 parts Si02 per 
million) the silica would be colloidal. After completing their 
chemical experiments, Kahlenberg and Lincoln found evidence 
in the literature that most natural waters contain very small 
amounts of dissolved silica. They therefore concluded without 
making a single analysis of natural waters that since the silica 
in the dilute solutions they had studied seemed to be colloidal, 
the silica in the even more dilute solutions (5 to 30 parts Si02 
per milhon) in nature must also be colloidal. 

This conclusion has been offered as sufficient proof of the 
colloidal state of silica in natural waters or as corroborative 
evidence to that effect by nearly every geologic author on the 
subject since 1900. 

Clarke (1908, pp. 151-152)^ makes the following statement: 
“In solution, according to L. Kahlenberg and A. T. Lincoln, 
sodium metasi'licate is hydrolyzed into colloidal silica and 
sodium hydroxide; and this conclusion was also reached by 
F. Kohlrausch about five years earlier, although he stated it 
in a more tentative form. In natural raaters, then, silica is 
actually present in the colloidal state and not vn acid ions.** 
(Italics mine.) The same words are used in subsequent editions 
of the book in 1911, 1916, 1920, and 1924.® 

Tarr (1917, p. 433)“ accepts the idea that the silica in 
solution in streams is colloidal but does not refer to any sup- 
porting literature. 

Van Tuyl (1918, p. 456)^® comments that there may always 
be some dispute regarding the source of silica in chert but con- 
cludes “. . . that much, if not all, of the silica is of inorganic 
origjn, having been deposited in the colloidai condition. . . 

* Complete references will be found at the end of this paper. 
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Gruner (1922, p. 442)® states- “It was formerly believed 
that silica was carried in solution as alkaline silicate and that 
on separation from the alkali the sihca was precipitated,* but 
it is now held that silicates are hydrolyzed and that silica is 
carried as a colloid in dilute natural waters.”* The asterisks 
indicate the locations of foot-note references. The first refer 
ence is to a paper published in 1913, the second to the paper by 
Kahlenberg and Lincoln^^ published in 1898. 

Lovering (1923, p. 534)^^ says “So far as is known, silica 
IS transported only in the colloidal state in natural solu- 
tions. . . He gives a footnote reference to the paper by 
Kahlenberg and Lincoln.^’^ 

Tarr (1926, p. 25)“® “It has long been held by Kahlenberg 
and Lincoln,^^ Van Hise,~® Leith and Mead,^^ and others that 
the silica was liberated (during weathering) as a definite .silicic 
acid, but the view held at present is that it exists in solution as 
a silica sol, containing a varying quantity of water.” Tarr 
is here more concerned with the true character of the colloidal 
silica than with the colloidal or non-colloidal state of the silica. 

Moore and Maynard (1929, p. 302)^''^ accept the conclu- 
sions of Kahlenberg and Lincoln and give the results of similar 
experiments, concluding . . complete hydrolysis of sodium 
silicate does not take place until a dilution of at least 25 parts 
per million silica is reached. . . 

“It would appear, therefore, that silica in solution in natural 
waters is transported as a true colloid provided the concentra- 
tion does not exceed 25 parts per million. . . 

Twenhofel (1932, p. 44)®^ refers to the paper by Kahlen- 
berg and Lincoln and concludes “It is probable, moreover, that 
the silicon dioxide indicated by analyses of the solid matter 
in solution in natural waters is really in the colloidal state and 
not in true solution.” On page 510 he considers the matter 
at somewhat greater length, citing additional references includ- 
ing Moore and Maynard and concludes “. . . essentially all of 
the silica in natural waters may be considered to be in the col- 
loidal state.” 

Tarr and Twenhofel (1932, p. 526)®^ accept the colloidal 
state of the silica transported in natural waters and consider 
the character of the colloid. 

The foregoing reidew is not exhaustive. It does not include 
references to all authors who have accepted the colloidal state 
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of the silica in natural wters, nor does it include references to 
authors who have preferred sources of silica other than sur- 
face or near surface natural waters. It is considered to be 
representative of American geological opinion regarding the 
state of silica in natural waters and probably also of British 
opinion. 

CHEMICAn lilTEEATUEE. 

Chemical investigators have studied silica in solution rather 
extensively since the paper by Kahlenberg and Lincoln. In 
general their investigations have been concerned with three 
■miajor aspects of the problem. 

1. The physical chemistry of alkali-sihca-water systems. 

2. The determination of silica in natural waters. 

3. The removal of dissolved silica from natural waters in 
water purification, especially for boiler-feed purposes. 

The study by Kahlenberg and Lincoln belongs in the first 
group. A more exhaustive investigation of the same type is 
found in a series of papers by Harman (1925-1926-1927)® on 
tiie system Na20-Si02-H20. As his conclusions are quite con- 
trary to those of Kahlenberg and Lincoln they are presented 
here in some detail. 

Harman investigated the conductivity, transport numbers, 
hydrolysis, sodium ion concentration, lowering of vapor pres- 
sure and freezing point, and heterogeneous equilibria in the 
system Na20-SiO2-H20 at 25° C. He studied the Na 20 -Si 03 
in ratios 2:1, 1:1, 1 : 1.5, 1:2, 1:3, and 1 : 4 at concentra- 
tions of 2Nw to 0.005 Nw. 

Conductivity measurements showed that ratios 2 : 1 and 1 : 1 
are excellent conductors, whereas ratios 1:2, 1:3, and 1 : 4 are 
gO'od conductors in dilute solutions but abnormally poor con- 
ductors in concentrated solutions. Hannan indicated that 
hydrolysis into NaOH and colloidal silicic acid is not sufficient 
to account for the conductivity. Assuming the silicate ion 
SiOs”* to be present, he calculated its mobility from the con- 
ductivity results. Later experiments on transport numbers 
checked this calculation and showed that ratio 1 : 1 ionizes to 
Na+, OH~ , and SiOs". In ratios 1:2, 1:3, and 1 : 4 the con- 
centration of silicate ions is hi^ but each ion contains more 
than 1 (SiOg) per divalent charge, the average number of mols 
Si02 per divalent charge being equal -to the ratio. In ratios 
1:2, 1:3, and 1 : 4 the silicate ion is not simple SiOs” 
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either an aggregation of simple silicate ions with or without 
colloidal silica or is a definite complex silicate ion. 

Harman concluded from his freezing-point experiments that 
ratio 1 ; 1 is the salt NanSiOg undergoing both hydrolytic and 
ionic dissociation. This process gives rise to the ions Na"^. 
OH~, and SiOa"" with some HgSiOg, the latter being crystal- 
loid. NasSiOg is almost completely dissociated in dilute solu- 
tion but only 27.8 per cent of it hydrolytically. Ratio 1 : 2 is 
the definite salt NaHSiOg behaving like NagSiOg and giving 
rise to Na"*", 0H““, HSiOg" ions and crystalloid HoSiOg. 
Ratios 1 : 3 and 1 : 4 seem to be much more complex. 

Harman concluded that SiOg" ions exist in ail ratios up to 
1 ; 4. In ratios 1 : 1 and 1 : 2 the silica is all crystalloid in 
dilute solutions and in ratios 1 : 3 and 1 : 4 increasing percent- 
ages are colloidal. However, his conclusion which seems to 
have the greatest bearing here is that in extremely dilute solu- 
tions (O.OOSNw) all of the silica in all ratios is crystalloid. 
Since 0.005 Nw, Hannan’s most dilute solution, is equivalent 
to 3.2 parts per million SiOg (NagO-SiOg) which is of the same 
magnitude as the average content of natural waters, his con- 
clusions w'ould indicate that the silica in streams should be 
crystalloid, not colloidal. 

Harman discussed in his fourth paper the results of Kahlen- 
berg and Lincoln as well as those of other writers who favor 
colloidal silica and indicated fundamental errors in their 
assumptions and conclusions. 

There is an extensive literature on the determination of 
silica in natural waters. Of particular interest here are papers 
relating to the colorimetric method and its response to colloidal 
and non-colloidal or crystalloid silica. 

The colorimetric determination of silica seems to have been 
proposed by Jolles and Neurath (1898),^® although it is 
commonly credited to Dienert and Wandenbulcke (1923).® 
See comprehensive, annotated bibliography in Schwartz 
(1988).^® 

Dienert and Wandenbulcke® descn'be the method and present 
results of the analyses of river waters. The test is made by 
adding 4 drops 1 * 4 HgS 04 to 50 cc. of water to be tested and 
then adding 2 cc. of 10 per cent solution of ammonium molyb- 
date which produces a yellow color due to the formation of a 
complex silico-molybdate. This yellow color is compared with 
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that of standard solutions to reveal the amount of silica present. 
Note; There have been numerous modifications of the method 
proposed because of interference, etc., but the essential prin- 
ciples remain the same. 

According to Dienert and Wandenbulcke, the importance of 
this test lies in the fact that it mil not determine colloidal silica. 
It reacts only to silica in true solution. The authors explained 
that any colloidal isdlica present can be destroyed by adding 
.2 g NaHCOg per 50 cc. and heating on a water bath. They 
found, however, in their study of river waters that there was no 
detectable colloidal silica present. 

In a later paper, Dienert and Wandenbulcke (1924),^ 
describe the effedts of alkaline solutions on colloidal silica. 
Their expeiimenit's indicate that in a two per cent sea-salt 
solution containing 120 milligrams of colloidal sihca per liter, 
88 mg. of non-colloidal siilica is formed in seven days at 37° C., 
complete conversion occurs in six days at 41 ° C. or in two hours 
at 90° C. They point out, furthermore, that all neutral or 
alkaline solutions will act the same, whereas acid ones prevent 
conversion. They conclude from these experiments that the 
silica in natural wiaters is almost exclusively non-colloidal 
because alkaline salts dissolved in the water would convert any 
colloidal siHca to the non-colloidal form. 

Although the temperatures, at which the experiments were 
conducted are somew^hiat above the temperatures of natural 
waters, time seems to be an equally important factor. 

Harman (1927)® in the last of the seven papers already 
referred to discusses the colorimetric method. He used the 
method to analyse some of his solutions, and states that it will 
not determine colloidal silica. 

The oo-lonmetric method has been and is now widely used by 
biocheanists and industrial chemi'slt's for the determination of 
silica in natural waters. Examination of 'iiheir results shows 
that the quantities of silica indicated colorimetrically agree 
closely with those indicated by gravimetric method's. Many 
authors state that the colorimetric method will determine only 
silica in true solution or silica that is in the crystalloid state, 
although in more recent papers they seem to assume that there 
is no longer any question of thfe. 

Industrial dhemists who have investigated ways and means 
of removing dissolved silica from boiler feed water are unani- 
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mous that the silica is not colloidal. Schwartz (1938, p. 551)^^ 
reviewing this literature states: “Those investigators who have 
considered the problem experimentally have established the fact 
that silica can be, and is, present in the crystalloid state. 
Unpublished results obtained by the author with Mississippi 
River water at Baton Rouge, Ua., corroborate this finding. . . 

Schwartz (personal communication, but see also bibliog- 
raphy 1934,^® 1938,“® and 1938“^), investigating the silica con- 
tent of the Mississippi River at Baton Rouge, Louisiana, made 
the following comparisons* first, water clarified and silica 
determined colorimetrically and gravimetrioally ; second, water 
clarified, ultrafiltered and silaca detennined by both methods. 
In neither instance was there any difference in the indicated 
silica content. The silica content of the Mississippi as deter- 
mined by Schwartz (1938, p. 554)^^ is about seven parts per 
million, rarely varying more than two parts per million. 
This checks closely with earlier gravimetric analyses at New 
Orleans (11 parts per million) and CarroUon, La. (7 parts per 
million) reported by Clarke (1924, p. 80).® 

Other quantitative studies using the colorimetric method may 
be found in papers by Atkins,^ Lucas, Thompson and John- 
son,^ Hazel King,^® Earl King,^“ and Cooper.® In every case 
the results are comparable with average gravimetric analyses 
for the same or similar waters. 

The author has found only one paper wHch questions the 
qualitaJtive significance of the colo'iimetric method, Tourky and 
Bangham (1936).^® Their results, however, are not sufficient 
to vitiate those of the authors already referred to. 

Another indication thait silica in natural waters is no>t col- 
loidal has been presented by Rees.^® He discussed the analysis 
of waters used in boilers by which the sodium and potassium 
were determined by difference and reported as sodium. Positive 
ions Ca, Mg, and NH 4 were deStermaned, calculated into mille 
equivalents and totalled. Negative ions SO4, NO3, Cl, and CO3 
were treated likewise. The difference gave the amount of Na 
and K present. In some waters it was found that the positive 
ions were higher than the negative ions, a fact which suggested 
that some negative ion was present and not considered. The 
silica in the water determined colorimetrically and calculated 
as negative dons gave a sodium value by difference which checked 
very closely with the analytical value for sodium. In contrast 
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to tMs is the conclusdon of the chemists of the Water Resources 
Brandh of the United States Geological Survey as stated hy 
Collins, Lamar, and Lohr (1932, pp. 5-6).^ “Its (silica) state 
in natural waters is not definitely known, hut in reports of anal- 
yses it is assumed to he in the colloidal state, taking no part 
in the equaHbrium heltiween the acids and bases.” This conclu- 
sion was stated again in almost the same words in a letter to 
the author by W. W. Hastings, chemist in the Survey labora- 
tory at Austin, Texas, dated Tebruary 14, 1944. 

SUMMARY. 

The prevailing view on the part of geologists, that silica in 
natural waters is in a colloddal state, is based mainly on the 
work of Kahlenberg and lincoln.^^ If, however, we are to 
extrapolate from experiments with alkali silicate solutions to 
conditions existing in natural waters, it is obvious that Har- 
man’s results,® based as they are on more elaborate and com- 
plete experiments, are more reliable than those of Kahlenberg 
and Lincoln. The results obtained by Harman indicate that 
the silica in natural waters is in solution as the silicate ion 
SiOg”. 

The colorimetric method for the determination of silica, wiiich 
has been shown by many authors to react only to silica an true 
solution, shows directly that the siHca in natural waters is not 
colloidal. The close check between colorimetiic and gravimetric 
values for silica in natural waters eliminates the possibility 
that only a part of the silica is ionized and detectable by the 
colorimetric method. 

Additional chemical studies, such as the one by Rees^® 
referred to above, further substantiate the view that the silica 
in natural waters is in ionic solution. 

The experiments of Dienert and Wandenbulcke"^ seem to indi- 
cate that any colloidal silica present would in time become 
crystalloid because natural waters are prevailingly alkaline. 

The ultimate distinctions between true solution and the col- 
loidal state are the molecular size and ato'mic structure of the 
individual particles, and the chemical behavior cf the substance 
in solution. In both regards, the available chemical literature 
indicates that the silica in natural waters is in true solution. 

The character of the crystalloid .silica particles in natural 
waters is not definitely known. Harman’s experiments on elec- 



Silica in Natural Waters, 


401 


trical conductivity, ion mobdlity, and transport nuiniberis indi- 
cate that there are a number of passible silicate ions. In the 
dilute sodium silicate solutions with Na 20 -Si 02 in the ratio 1 : 1 
Harman® concluded that all of the silica was in the form of the 
ion SiOg— and this, indirectly, favors a similar conclusion with 
regard to the silica in natural waters. Rees^® assumed the ion 
SiOg"" to be present and succeeded in balancing the acids and 
bases satisfactorily; however, another divalent silicate ion 
mig^ht have served as well. The solubility of silaca in natural 
waters seems to be very sensitive to the pH value (Cooper, 
1933).® It is likely that the nature of the ion is also affected 
by the pH value and will noit be the same in aU natural waters 
or remain the same in a given water which undergoes changes 
in pH value. 

The desirability of additional research with respect to the 
actual molecular character of the dissolved silica and the ways 
in which the aiHca may he precipitated is obvious. To be of 
geologic significance, such research must be concerned directly 
with the silica in natural waters. The difficulties to be met 
in such investigations are also obvious. First, the extremely 
low concentrations of silica in solutions containing greater 
concentrations of more active ions. Second, the stuffies on 
precipitation must attempt to simulate the geologic environ- 
ments in which the siliceous rocks are known to have formed. 
Some evidence relative to the precipitation of 'the silica can 
undoubtedly be found by the geologist in the field if he is not 
handicapped by preconceived notions about the state of the 
silica in natural waters or about the methods of its precipita- 
tion. The third, and perhaps the greatest difficulty, is that 
the geologist does not have the equipment, training, or the 
inclination to undertake such studies and the chemists are not 
sufficiently concerned with these matters. 

CONCLirSIONS. 

Chemical investigations, approaching the problem in a vari- 
ety of ways, do not support the widely accepted concept that 
the dissolved silica in natural waters is colloidal. On the con- 
trary, these investigations, to date, justify the following 
conclusions : 

1. The dissolved silica in natural waters is in true solution 
or crystalloid rather than colloidal. 
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2. Althouglh the molecular character of the dissolved silica 
has not been invesitigated directly, the evidence indicates that 
it is ionic. 
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DISCUSSION. 

FURTHER REMARKS ON CONTINENTAL DRIFT. 

Absence on service has prevented Dr. G. G. Simpson from making 
answer to the writer’s rejoinder (2 b), but in the meantime three 
other criticisms of the hypothesis have appeared in this Journal. 
The two by Dr. C. R. Longwell^ (6 a, 5 b) express doubt together 
with & reproof to supporters of the idea for not taking up a suf- 
ficiently objective attitude; the other by Dr. Bailey Wdlis (7) 
voices frank disbelief, with the request that the hypothesis be liqui- 
dated. In general their, as well as others’, criticisms can be 
grouped under five heads : — a) the attitude of those favormg drift, 
b) the interpretation of the detailed evidence cited therefor, c) 
former polar positions, d) the value of geodetic measurements and 
e) the physical possibility of such movement. 

a) Attitude. 

Longwell’s protest in regard to insufficient objectivity wiU, so far 
as the writer is concerned, be conceded. Nevertheless the differ- 
ences between the doctrines of “fixed” and “moving” continents are 
fundamental and the acceptance of the one must largely exclude the 
other (2 a, p. 3). My attitude, however, is that synthesis has 
advanced sufficiently to justify the rejection of the current idea of 
fixed continents and all the principles that go therewith. Conse- 
quently there would seem no particular gain in taking up a neutral 
or waiting attitude; the Wegener Hypothesis — or some variant 
thereof — ^must be either rejected or supported, and in so doing one’s 
viewpoint is bound to become colored by the decision taken. 

b) Interpretation of Evidence. 

There is admittedly much that the protagonists cannot yet explain, 
the “Dogwoods” cited by Longwell (6 a, p. 224) being a case in 
point, though this problem forms a parallel to the puzzle of the 
late Cretaceous dinosaur-migration from East Asia to North Amer- 
ica, as pointed out by Gregory. They are also accused of omitting 
evidence which is or might be of an adverse character. The writer 
has, however, drawn attention to a number of such cases, for 
example the absence of Triassic volcanics in Great Britain, in 
contrast with the eastern corner of North America. 

^ The author evidently had not yet seen Longwell’s two latest notes on 
this hypothesis; one of which appeared in Saence (N. S.), vol, 100, pp. 
403-404, and the other m the Amer Jour. Science, vol. 242, p. 624. 

— Editor. 
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Rather than spread discussion, attention may be focussed on the 
crucial case of the continents of Africa and South America. Imagine 
those masses reassembled, as Wegener has done, but with the 
Atlantic replaced by a long sinuous belt of Pleistocene deposits 
ranging up to a few hundred miles wide. With the numerous congru- 
ences detailed elsewhere (2 a, pp. 106-116) would there be much 
hesitation in presuming continuity of formation, structure, etc., 
beneath that Pleistocene covering, the more so that further work 
has brought out equally remarkable agreements for the Amazon and 
West African regions? Choubert’s reconstruction (l) for the 
Atlantic border regions is not less compelling. Such congruences 
furthermore run oblique as well as transverse to the opposed shore- 
lines. Nevertheless, with the ocean in between, these outstandmg 
similarities have under normal views to be dismissed as mere 
coincidence ! 

Only through such reassembly can one perceive a unity of con- 
tinental plan, not only in the gross, but in the detail, which in turn 
enables the hypothesis to be tested out in the field. Such deduc- 
tion finds verification in tlie work of Leinz (4), p. 32) on the late 
palaeozoic glacials of Brazil through the discovery beneath the 
dominant green or blue tillite of an earlier red tillite in Parana 
showing a more southerly direction of ice-flow, precisely as was 
recorded long ago for South West Africa, diagonally opposite. 
The chance arrival of Bol. No. 30 of the Institute Geologico del 
Uruguay brings notice of a N. 30-40° E. strike for the ancient 
sediments west of Montevideo, which in a reassembly will run par- 
allel to the corresponding strata of the south-west Cape. Is such 
just accidental? 

It was through such replacement that a possibilty emerged of 
charnockites being present in the eastern part of the Union of 
South Africa, confirmed by their discovery in Natal, thereby bring- 
ing that regon into alignment with Madagascar, Antarctica and 
India, and the same principles and methods are applicable to the 
other lands. The mathematical chances against such almost identi- 
cal evolution being independent in these far separated lands becomes 
increased by each new point of agreement, and are already in the 
writer’s opinion numerically opposed to fixed continents. 

c) Polar Positions. 

Few apparently, apart from Wegener, have troubled to study 
the evidence of past climatic girdles as deduced from the particular 
sedimentary facies around the Earth, though that constitutes one 
of the most important of criteria for Drift. Such, however, 
involves much searching through voluminous literature for the basic 
facts. More direct is “polar environment” as indicated by the 
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presence of ancient tillites. Now, represented in Africa are at 
least ten such glacial formations (of which a few could well prove 
equivalent), some with wide distribution. Either geologists are 
suffering from delusions when interpreting those formations or else 
the Pole of those times wandered somewhere in or near that con- 
tinent, and I am still conservative enough to reject the first explana- 
tion. With fixed continents or poles Palaeoclimatology just does 
not make sense. 

d). Geodetic Measurements. 

In regard to the supposed changes m Longitude or Latitude 
of certain spots during the past few decades one must admit Long- 
well’s contention (5 a, p. 228) that too much has been made of data 
that are admittedly imperfect and not always consistent, and also 
with Holland’s recent pronouncement (3, p. 113) that such astro- 
nomical figures could scarcely be used to prove drift during the 
Mesozoic. Although the computed differences have come in for 
strong criticism, they cannot all be dismissed as due to errors of 
observation; Stetson’s impartial review (6) brings that out, while 
the case of the Sydney Observatory (2 a, p. 300) should not be 
overlooked. 

If, within periods that are infinitesimal, geologically speaking, 
measurable horizontal displacements of points on the Earth’s sur- 
face have been proved or else seem probable, how can the relative 
or absolute fixity of continents during even a single geological 
epoch be taken as assured? 

e). Physical Possihihty of Drift. 

Dr. Willis, like the majority, rejects drift on mechanical grounds. 
But do the simplified dynamics of rigid bodies favored by him 
apply inexorably to “living evolving continents” with circulatory 
systems evinced by perpetual transfers of materials horizontally or 
vertically, by changes in size, shape, internal and external stress, 
flotation height, internal temperature, etc., and not always gradually, 
but often rhythmically? Why indeed should their crumpling edges 
be assumed to offer enormous resistance to movement^ What degree 
of opposition is met when a red-hot poker is pushed into pitch or 
solder? Again, why should a fracture in the rear of a moving 
continent produce an equivalent vacuum? How comes the sup- 
posedly tough crust to have been so readily diked, and whence 
originated the forces that have repeatedly snapped it in such diking? 

Holland (3, p. 118) has indeed pointed out the fallacy of assum- 
ing that sub-crustal conditions identical with those of today must 
necessarily have existed during late Mesozoic-Tertiary times when 
world-wide diastrophic movements were in progress. 
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So far from “begging the question,” as Willis asserts (7, p. 510), 
the writer has discussed at length (2 a. Chap. XVII) various factors 
that would or could have contributed to Drift. Too much has been 
made of the impossibility of sliding because adequate forces have 
not yet been disclosed by mathematical analysis. All such calcula- 
tions have been based on assumptions that, considering the com- 
plexity of the problem, are regrettably limited in number and in 
certain cases extremely doubtful. For example, the importance of 
paramor25hic transformations within the sub-crust — characterized by 
changes of volume without changes of chemical composition — 
continues to be overlooked This Paramorpkic Zone, it is felt, can 
be regarded as the most likely section of the crust within which 
horizontal sliding of the kind envisaged during Drift could take 
place, more particularly during conditions of unloading, when the 
reactions witlun it would have tended to be exothermic. Such would 
moreover lie above the Sima and therefore at a shallozc'er depth than 
that presumed by Wegener and others. 

The thermodynamic rather than the dynamic nature of the prob- 
lem must be stressed. Colossal amounts of energy must be absorbed 
or released in sub-crustal processes such as melting, crystallization, 
paramorphism, radioactive tramformation, orogenesis, volcanism, 
etc., all acting in various fashions within a highly heated, heter- 
ogeneous and rotating Earth, subject to tidal stresses and other dis- 
turbances. Can it therefore be seriously declared that the crust 
could not have crept? Despite the foregoing it is frankly recog- 
nized that, until some more eonvmcing physical explanation has been 
arrived at by geophysicists, no general acceptance of the Hypothesis 
can be expected, though such need not hinder the accumulating of 
other factual evidence, 

Longwell (6 a, p, 230) has severely criticized the writer’s state- 
ment that a continental block moving polewards, into an area of 
converging meridians, would experience an east-west compression, 
and, conversely, into an area of diverging meridians, an east-west 
tension. It should have been made clearer originally (2 a, p. 30S) 
that such would have resulted not through meridian convergence 
or divergence, but through the variation in the Earth’s peripheral 
velocity with change in latitude. The equations of motion (Blount) 
show that displacement changes must be produced in the accelera- 
tions of all parts of the block due to the Earth’s rotation, which 
would not only tend to twist the block (clockwise if moving towards 
the North Pole), but to develop an east-west compression, greatest 
in the leading edge, and a counterclockwise twist and an east-west 
tension if the drift were equatorwards, the block being viewed as a 
non-rigid body. Such accelerations become greater towards the 
poles and, although small, are cumulative. 
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In addition any currents in the sub-crust must — ^like the winds 
— ^be similarly deviated, thereby aiding in rotating and deforming 
the overlying drifting blocks, particularly during periods of sub- 
crustal melting. Once a tendency has been established, it could 
be intensified by other mfluences. 

Conclusions. 

With the continents at their present distances apart geologists 
will have little of definite character to submit concerning unknown 
portions, whereas the much criticized Hypothesis of Continental 
Drift will commonly have something suggestive to offer, and even 
prediction in special cases. 

Like other hypotheses it is to be judged not only by the state 
of knowledge when it was formulated, but by subsequent findings 
coupled with the preceding implications. Those who oppose it, 
venturing little in that respect, have on the contrary nothing to lose 
through such discoveries. It is all the more encouraging therefore 
to record that the flood of fresh literature, particularly concerning 
the outposts of the Earth, continues to bring forth so much new 
evidence, which when not providing positive support, is usually 
not adverse thereto. As contrasted with the static outlook engen- 
dered by Fixed Continents, the doctrine of Moving Continents con- 
tinues to prove dynamic and fertile in every field. 
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SCIENTIFIC INTELLIGENCE 

Chemistry. 

Introductory General Chemistry, by Stuart fi Brinkley. Pp. 
x, 6i5; 235 figs., New York, 1945 (The Macmillan Co., $4.00). — 
The third edition of Professor Brinkley’s excellent text is a thorough 
revision of its predecessor (1938), with improved and modernized 
treatment of many topics. The page number is somewhat smaller, 
but new material has actually been added without sacrifice of any 
important topics previously included. The use of narrower margins 
and omission of portraits and industrial photographs made this 
possible. The number of chapters has been decreased to thirty- 
five, as compared with forty in the second edition, by the consoli- 
dation of related topics and improved organization The useful 
list of problem exercises at the end of the book has been greatly 
expanded, and the appendix includes new data, such as a table of 
ionization constants of many weak acids, which was lacking in the 
second edition. The index is unusually complete and accurate, 
an essential requirement of a good text. 

The most pleasing quality of this text is the scholarly approach 
to all topics. A reader of Brinkley is not given the intellectual 
insult of being asked to swallow assertions of tlieory without proof, 
because the author carefully sets forth the experimental evidence 
and methods by which it is obtained, and on this foundation con- 
structs for the student the great theories of science. The reviewer, 
however, does wish that the author had presented a more extended 
examination of the massive outlines of the logic leading to the 
atomic theory and the knowledge of chemical formulas. Professor 
Brinkley avoids the mistake made by most authors of elementary 
chemistry texts in their introductory chapters, by which the student 
finds himself reading chemical formulas without knowing whence 
they came, but he could have avoided it by a wider margin. For 
example, it is not made perfectly clear why the formula of water is 
HgO and 'not HO. Chemists as late as 1854 thought water was 
HO, and were consequently in error in their formulas for all com- 
poimds containing oxygen and hydrogen, because they had failed 
to appreciate the importance of Gay-Lussac’s Law of Combining 
Volumes and Avogadro’s Hvpothesis. Some authors also tend to 
avoid or skirt the edge of difficult topics, but in this text the attack 
on such topics is direct and skillful with such clarity that over- 
simplification IS unnecessary. As a result, the student does not 
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have anything tn unlearn before extending his knowledge of the 
science. 

An example of the logical organization and grouping of related 
topics IS the section including Chapters 10-13 inclusive. Here 
the pertinent chemistry of the alkali metals and the halogens is 
used as the experimental basis for presentation of the periodic sys- 
tem^ followed in turn by an excellent chapter on atomic structure. 
Poliowing tihis is another logical group, beginning with ionization 
and continuing with several chapters on the various kinds of ionic 
reactions, including electric cells, ionic reactions involving solubility 
products and ionization constants, analytical chemistry, and oxida- 
tion-reduction in solution. The treatment of acids and bases is 
according to Bronsted’s ideas and is well done. The presentation 
of oxidation-reduction is particularly good, with adequate emphasis 
on the electronic half-reactions. The reviewer would have preferred 
that displacement reactions and electric cells be considered as a 
unit with the other types of oxidation-reduction reactions rather 
than separating them with three chapters on ionic reactions not 
involving electron transfers. 

The chapter on oxidation-reduction completes the discussion of 
general prmciples, which is the mam concern of the first half of the 
book, and the latter half is devoted to the detailed chemistry of 
the elements. Here again the idea of grouping related topics is 
competently practiced. Due attention is accorded industrial proc- 
esses, particularly those which involve instructive applications of 
principles The flow diagrams for metallurgical processes are to 
he strongly commended, because they make these discussions the 
best this reviewer has yet seen. The entire section on the chemistry 
of the metals has been extensively reorganized and is extremely well 
done. 

A chapter on colloid chemistry is in some respects inadequate. 
For example, adsorption could well have been given more attention, 
especially since charcoal was so briefly discussed in the earlier chap- 
ter on carbon. 

Two chapters on organic chemistry at the end of the hook supply 
as much information as any elementary course can use, and should 
make possible, at least, an appreciation of the modern accomplish- 
ments of this important branch of chemistry. These chapters 
could of course be omitted if the students intend to pursue further 
study in chemistry, but they are certainly essential for those whose 
study ends with the first year course. 

The text appears to be unusually free from errors, even though 
one of the first numbers encountered, Avogadro’s number, is given 
as 6,064 X 10**, Millikan’s old value, while the correct value is now 
taken as 6.0228 x 10** (dhO.OOll x 10**). The formula of lauryl 
alcohol on page 682 contains a typographical error, which is the 
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only other error the reviewer observed. A well chosen type and 
format result in attractive and readable pages^ and the book is a 
handsome volume. 

The reviewer can recommend this text strongly for use in courses 
which are intended to prepare students for further study in chem- 
istry, or for any class of able students. The thorough and com- 
prehensive discussions which are so valuable for these students 
might, however, have the effect of overwhelming students with little 
scientific aptitude, so that judicious pruning of some material would 
probably have to be practiced with a class of such students. 

LLOYD A. WOOD. 

Adsorption; by C. L. !Mantell. Pp. viii, 386. New York, 194.<.5 
(Chemical Engineering Series, McGraw-Hill Book Co., $4 j. 60) — 
The viewpoint throughout this book is well expressed by a sentence 
from the Preface (p. v): “For those who desire it, a brief chapter 
on theories of adsorption is included, but there is a reminder that 
the operational man or the designing engineer is more concerned 
with pressure drops, dry gas capacities, and volumes throughput 
than he is with theories.” The Author gives in this volume a wealth 
of information, well documented, covering the engineering features 
of applications of adsorption. But he restricts adsorption by 
definition (p. 1) to solid adsorbents, and this restriction makes the 
Eeviewer feel that the title of the book is too inclusive. 

The material is treated in several ways* according to the adsorb- 
ent, or according to the process, for example. Thus in general 
the manufacture, properties and applications are discussed, and 
where possible tabulated, for fuller’s earth and activated clays 
(Chapter III) ; aluminum oxide base materials (IV) ; bone char 
and related materials (V); decolorizing carbons, water-treatment 
carbon (VI); metal- and medicinal-adsorbent chars (VII); gas- 
adsorbent carbons (VIII); silica gel (IX); magnesia and hydrous 
oxides (X) ; and ion exchangers (XVI). These chapters are sup- 
plemented with others which deal with operations: the unit opera- 
tion of adsorption (I) ; solvent recovery and adsorption from gases 
(XI) ; odor removal (XII) ; gas masks (XIII) ; dehydration of air 
and gases (XV) ; chromatographic adsorption analysis (XVII). 
There is also the brief chapter on theories of adsorption (II); a 
chapter (XIV) on gas hydrates which discusses their nature, and 
the means used to prevent the trouble they may cause in natural 
gas pipe lines; a chapter (XVIII) which discusses the inspection, 
specifications and testing of adsorbents; and an appendix in which 
are gathered very useful tables, and discussions of fundamental 
laws, energy relations, and conversion factors. A great deal of 
specific information is given throughout the book on working appli- 
cations of adsorption, with charts of physical data, flow-sheets. 
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sometimes diagrams of apparatus and photographs of actual instal- 
lations, as well as data on operating costs, all of which are clearly 
of great value to the engineer and "operational man.” There are 
also frequent summaries as for example of the advantages of a 
given treatment, or the characteristics necessary in a given material 
for a certain process. 

Your Reviewer must state, with some reluctance, that this book in 
his opinion shows evidence of careless writing. The style is dis- 
jointed. Sentences appear occasionally out of context or with little 
relation to preceding and following sentences. In at least one case 
an entire paragraph appears out of context, as on p. 386 , where a 
paragraph on the use of fritted bubbler tubes to insure saturation 
equilibrium between air and carbon tetrachloride appears in the 
midst of a discussion of the use of «i-xylene for determining heats 
of wetting. On pages an apparatus is described with let- 

ters which would seem to refer to various parts of an illustration, 
but no illustration is present. Sometimes graphs or other figures are 
given with no clear indication of whence they were derived (for 
example, Tables 37 , 38 , Figs. 38 , 87 , 184 and others). Some seven 
misprints came to the notice of the Reviewer. These defects make 
the book difficult to read, though they do not in themselves detract 
from the essential contents of the volume. It appears, however, 
that a useful booh has been marred by careless writing and poor 
editing, and this is not at all in line with the excellence of other 
books in this senes. 

Anyone who reads this book will be struck anew with the wide 
range of applications of adsorption processes in industry and with 
the versatility of application of which adsorbents are capable: 
phases of the subject which are well developed by the Author, 
The book is well made, the type is clear, and the quality of the 
photographs is excellent. It is indeed unfortunate that the obvious 
merits of the book have to be shadowed by its faults 

HAHOLD G. CASSIDY. 

Miscellaneous Scientific Intelligence. 

Archaeological Investigations in El Salvador; by John M. Long- 
year III, with an appendix by Stanley H. Boggs, (Memoirs of 
the Peabody Museum of Archaeology and Ethnology, Volume IX, 
No. 2, 90 pages, 15 plates and 30 text illustrations, Cambridge, 
194i). — This monograph is a report on one of the projects of the 
Institute of Andean Research under the sponsorship of the Co-Ordi- 
nator of Inter-American Affairs. In the past the archeology of El 
Salvador has been sadly neglected, but this report, which is the 
most extensive to date, is gladly welcomed. 

The body of the paper consists of three parts, of which Part I 
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is introductory in nature, presenting background material and dis- 
cussing the archeological problems. Part II is “Archaeological 
Reconnaissance/’ •which gives m outline form the results of surveys 
carried on by the author and Stanley H. Boggs. With a few excep- 
tions all of the sites listed were visited by the authors. These 
site descrijitions have been written in a concise manner which will 
enable future field workers to locate the sites easily. 

Part III, the major section of the paper, is a detailed description 
of excavations at Los Llanitos, a site in the southeastern section 
of the country. The ruins consist of twelve small mounds arranged 
according to a definite plan and with a similar orientation, Long- 
year’s investigations consisted of the partial excavation of a ball 
court and three mounds. The greater part of the time was spent 
on the ball court as it is the most southerly known example 
of this type of structure. Excavation revealed this court as a 
long, narrow, dirt floor, bordered by narrow mounds. The other 
mounds excavated were apparently pediments for structures sim- 
ilar to the modern mud and wattle hut. The mounds were composed 
of one or more interior walls of pumice blocks set in adobe mortar, 
and were covered with a soil fill. There was no exterior facing of 
stone or plaster. 

A large collection of potsherds and minor artifacts was secured. 
This pottery exhibited such a uniformity that the author believes 
that only a single period of occupation is represented at the site. 
It was difficult to correlate the material from Los Llanitos because 
of the lack of excavated sites in the surrounding areas. The 
architecture and pottery are unique, local developments. Although 
this site is located in the former Lenca linguistic territory, the 
archeological material is not similar to that attributed by other 
workers to the Lenca. No recognizable influence from the east 
was found, but some trade wares came from the west. On the basis 
of this trade ware, Longyear hesitantly places the occupation of 
this site as contemporaneous with some part of the Acropolis Phase 
at Copan, which dates from about 853 A.D. to 1060 A D 

The balance of the monograph contains five appendices of which 
two are of major importance. Appendix C is “Excavations In 
Central and Western El Salvador,” by Stanley H, Boggs. In this 
extensive report, which equals that of Part III, accounts of exca- 
vations at the site of Tula and Tazumal are presented Tula is a 
small site of three mounds situated near the west central part of the 
country. These mounds were in part composed of volcanic ash 
which covered a small temporary camp. The pottery from this site 
is of the general types common to El Salvador. On the basis of pot- 
tery it IS believed that this site is contemporaneous with late Taz- 
umal and the Campana-San Andres group. 
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. The site of Tazumal, located in the extreme ivestern portion of El 
Salvador, has thirteen mounds, of which portions of two were 
excavated. This work revealed two stratigraphically separate 
groups of pottery. The material of the Early phase was found in 
a deposit underlying the platform of a large mound while most 
sherds of the Later phase were found while clearing the steps, ter- 
races and similar surface features. On the basis of trade material 
the Early phase is probably equivalent in date to the Esperanza 
Period at Kaminaljuyu, Guatemala. The Later phase includes 
such trade wares as plumbate ware and Nicoya polychrome, as 
well as local wares which indicate a relationship with Campana-San 
Andres and Tula. 

Appendix D is a complete “Site List of El Salvador” compiled 
from the field work of Longyear and Boggs plus all available pub- 
lished material. Appendix E is a short discussion of private col- 
lections in El Salvador to accompany the large number of illustra- 
tions of representative specimens. An extensive bibliography com- 
pletes the work. 

It is to be regretted that the accompanying site map (page 77) 
has so many limitations. It would have been easier for the reader 
if the Pan American Highway had been shown since so many refer- 
ences are made to it, and a number of sites discussed in the text 
are omitted, one of them being the site of Tula. 

The monograph on the whole is a very valuable contribution. 
In addition to the new material presented, the site lists and bibli- 
ography make available much information in a concise form for the 
future student. The fine illustrations showing several hundred 
specimens of pottery from the whole country are of much value as 
comparative material for the archeologists working in surrounding 
areas. john m. gougin. 

General Meteorology', by Horace Robert Byers. Pp. x, 646; 
300 figs. New York and London, 1944 (The McGraw-Hill Book 
Co , $5.00). — In reading General Meteorology, by Prof. Horace R, 
Byers of the University of Chicago, one is led to speculate on the 
mathematical mind. The hook is a general text hook written with 
special reference to aviation, but designed to be a full treatment 
of the science of meteorology. It contains excellent descriptive 
material which is of interest to the layman. A good deal is said 
about the use of instruments, which is desirable for the technical 
observer. The major part, however, is devoted to the physics of 
the atmosphere. An attempt is made to avoid abstruse mathematios, 
hut taken as a whole the book is fundamentally a mathematical 
presentation of the laws of physics so far as they apply to 
meteorology. 
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In spite of these good features the book is disappointing because 
it fails to recognize that mathematical treatment is valid only if 
based on sure foundations. The book treats meteorology as though 
it were a completely known science, whereas at least one of its most 
basic factors is still unknown. Occasionally, as in the chapter on 
hurricanes, there is a hint that there are weather conditions which 
we cannot explain. In general, however, three of the most 
important and puzzling meteorological problems are ignored. First, 
storms frequently show sudden changes m intensity or direction of 
movement, thereby going counter to predictions. Second, the same 
or similar phenomena repeat themselves in cycles. Third, the 
same calendar month may have very different weather from one 
year to another. 

This book makes no attempt to explain these problems. In fact 
it scarcely mentions them. Nor is there any hint that the laws so 
weU discussed may perhaps need to be supplemented by other 
laws dealing with the ultraviolet light, the lofty ozone layer, the 
electromagnetic activity of the sun, or some other unknown factor 
which changes the course of a hurricane, for example. If meteoro- 
logical research is to be stimulated a text book assuredly ought at 
least to inform the student that the laws which it lays down fail to 
explain certain important and vital conditions. 

ELLSWORTH HUNTINGTON. 

Seeing The Invisible; by Gessner G. Hawley. Pp xv, 196 j 71 
figs. New York, 1945 (Alfred A. Knopf, $2.50). — Seeing The 
Invisible is an elementary but somewhat exhaustive story of the 
electron microscope and its achievements. While it is written pri- 
marily for the layman, with considerable emphasis on why we are 
interested in the microcosm, almost every scientist will be fascinated 
by this collection of photographs taken with the electron microscope. 

Mr. Hawley begins with a discussion of why we are interested 
in the mmute elements of our surroundings, and builds up the 
interest of the reader by giving a preview of some of the results of 
the electron microscope. He then takes up the theory of the instru- 
ment by first discussing how we see and the dependence of seeing 
upon the “light,” clearly illustrating the difference between magnifi- 
cation and resolving power of an optical instrument. He follows 
the theory with the history of its development, and later its limita- 
tions. Last, and probably the best part of the book, is the discus- 
sion of some fifty excellent photographs of interest to the scientist 
and illustrating why science is interested in these things. 

If one must find fault with the book, it would be with the chapters 
on theory. Here Mr. Hawley drops into the layman’s language 
and emerges with some of the layman’s confusions. The expression 
“Current of strength 60,000 volts,” page 57, exemplifies this point. 
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The reviewer also doubts whether the physicist would agree with 
Mr. Hawley’s definition of “Radiation ’’ However, since these 
expressions occur in the more technical chapters, they are likely to 
pass unchallenged by most readers. 

On the whole, the book presents a stimulating and thought- 
provoking discussion of the various phases of the subject. 

ROLAND MEYEROTX. 
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THE LATE CARBONIFEROUS VERTE- 
BRATE FAUNA OF KOUNOVA (Bohemia) 
C03IPARED WITH THAT OF THE 
TEXAS REDBEDS. 

ALFRED SHERWOOD ROSIER. 

ABSTRACT, The late Carboniferous vertebrate fauna from Kounova, 
Czechoslovakia, originally described by Fritsch, is redescribed and com- 
pared with the essentially contemporary fauna of the Texas redbeds. The 
assemblages from the two areas are strikingly similar, suggesting intimate 
geographical connections between Europe and North America in late Paleo- 
zoic times. 

A SERIES of vertebrates from a late Carboniferous deposit 
at Kounova, Czechoslo%'a]aa,tras described by Fritsch in his 
“Fauna der Gaslcohle” (1879-1904). Little attention has been 
paid to this material by later writers (except for brief notes 
on certain of the species by Steen, 1938). Restudy of this 
fauna which I had undertaken in connection with a survey of 
Paleozoic ampliibians indicates that it is worthy of re-descrip- 
tion, Recent advances in our knowledge of early vertebrates 
makes it possible to interpret bhese fragmentary remains in a 
much more satisfactory fashion than could be done in Fritsch’s 
day ; the fauna, restudied, seems closely comparable to that of 
the nearlj' contemporaneous Texas redbeds assenfblage, a situ- 
ation ivuth suggestive palaeogeographic implications. 

Tlie Kounova locality, Kounova lies some 35 miles northwest 
of Prague in the Rakonitz coal basin. The material studied 
by Fritsch appears to have come from a single mine, operated 
for a relatively few years, which supplied coal to the gas-works 
at Prague and other towns. The fossils were found in blocks 
of an impure shaly coal of the sort usually (although incor- 
rectly) called a “cannel-coal” in North America. Fritsch 
(1879, Tol. I, pp, 21-22) gives the general section and also the 
details of the layers normally present in the “cannel.” 

Kounova lies close to the Carboniferous-Permian boundary 
(cf. Broili 1908; Case 1926, 53-66; Nemejc 1932; Steen 1938, 
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266-269). In earlier years it was frequently considered as 
Permian. The flora, however, appears to be technically a 
Stephanian one, and hence Kounova must be classed as Car- 
boniferous, although very close to the period boundary. 

The Wichita group of Texas,^ with which comparison is 
made, likewise lies in disputed Carboniferous-Permian territory. 
The writer (1935, pp. 1642-1657, etc.) has in the past argued 
that much of the Wichita should be considered as late Carbon- 
iferous rather than Permian. The most important criteria in 
this connection, however, are those derived from paleobotanical 
data. Recent work by Read, although not as yet published, 
is cited b^r King (1942) to show that Callipteris, diagnostic 
of the Autunian stage of the lower Permian, makes its appear- 
ance at the level currently considered as the base of the Wichita. 

The Wichita is thus later than the stage represented by 
Kounova ; but although the two are arbitrarily separated by an 
arbitrary period boundary, the actual time interval need not 
have been very great. I have repeatedly pointed out that the 
Wichita fauna was not one newly evolved at the time, but 
appears to have its roots in the Carboniferous, and similarities 
between an early Autuman fauna and one from the late Steph- 
aman are thus to be expected. In North America vertebrates 
of pre-Wichita age, which are probably closer in time to those 
of Kounova, are known from the Pennsylvania-West Virginia- 
Ohio region and possibly other areas, but these faunas are as 
yet too poorly knovTi to make comparison profitable. 

Certain differences which exist between the Kounova and 
Wichita vertebrate assemblages are correlated with the nature 
of the deposits and the nature of the conditions under which 
deposition occurred The Kounova remains are preserved on 
the surface of slabs of the “cannel.” The characteristic 
Wichita matrix, on the other hand, is a clay, with little lamina- 
tion, from which the fossils are excavated as three dimensional 
structures. The Kounova locality suggests deposition in the 
bottom of a quiet pool ; much of the Texas material appears to 
have undergone considerable transportation. Thus at Kounova 
there was a better chance for the preservation and recovery 
intact of remains of smaller animals than in the Wichita clays. 

^ The “classic” Wichita faunas are from the Belle Plains and Admiral 
formations; lower formations were long considered as pertaining to the 
Cisco group In recent years, however, there has been a general tendency 
toward lowering of the boundary, so that the tmderlying Putnam, Moran 
and (most recently) Pueblo formations are included in the Wichita. 
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The Kounova environment seems to have been that of a coal- 
swamp region in which fishes and aquatic amphibians would 
be abundant and terrestrial animals rare ; the Wichita deposits 
appear to liave been formed by streams whose ‘‘‘catch” included 
a considerable percentage of terrestrial types. In sum, the 
Kounova fauna would be expected to include a greater repre- 
sentation of small A'ertebrates, particular!}^ fishes and amphib- 
ians than the Wichita beds ; in the latter, a greater percentage 
of large amraals, including more terrestrial amplubians and 
reptiles, would be expected. 

Original faunal list. Below are listed the vertebrates from 
Kounova as described by Pritscb. It appears unnecessary to 
refigure this material; full references are given to Fritsch’s 
plates which are extremely valuable despite some inaccuracies. 
Part of the Fritsch material was studied by me during a visit 
to Prague a number of years ago, but I have in this revision 
relied in great measure upon these plates. Not included are 
several forms from other Bohemian localities which may be of 
comparable age but are not meinbers of the actual Kounova 
fauna. Brief discussions of some of the amphibians are given 
by Steen (1938), but I am not aware of the description of any 
new fonns from Kounova since Fritsch’s work. 

ACANTHODIAN FISHES. 

Acanthodes punctatus III pp. 61-62, fig. 256, pi, 107, figs. 7-9. 

Shark-hke pishes. 

Orthacanthus kounoviensts II pp. 107-109, fig. 185, pis. 83, 
fig. 1 , 8i; 86; 86, figs. 1-4; 87, figs. 1, 2, 5, 7; 90. 

Orthacanthus pinguis II p. 109; pi. 87, figs. 3, 4, 6. 

Pleuracanthus ovahs III pp. 18-16, figs. 201-206; pi. 91, figs. 
7-10, ? 11. 

Braehiaeanthus semiplanus II p. 113; pi. 83, fig. 10. 

Plat y acanthus ventricosus II p. 113; pi. 86, fig. 5. 

Tubulacanihus sulcatus II p. 113; pi. 88, fig. 14. 

Hybodus vestitus II pp. 97-98; pi. 73, tig. 14. 

Vertebrae ? II pp. 113-114; pi. 88, fig. 17. 

Lungfish. 

Cienodus obhquus II pp. 66-84, figs. 144-148, 164; pis. 71; 
72, figs. 4-12; 73, figs. 1-13; 74-79; 80, figs. 5-12. 

Ctenodus applanatus II p. 85; pi. 72, figs. 1-8. 

Crossopterygians. 

Megalichihys miens III p. 75, pi. 88, figs. 15, 16. 

Pal\eoniscoid pishes 

Trissolepis kounoviensts III pp 76-80, figs. 277, 278; pis, 
109-112 
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Acentrophorus dispersus III pp SI-SS, fig. 279; pis. 113, 114. 

Progyrolepis speciosus III pp. 118-120, fig. 308; pi. 131. 

Amphibians. 

Ophiderpeion pectinatum I p. 122; pi. 20, figs. 1-10. 

Ophiderpeton mcinum I pp. 123-124; pi 19, figs 2-8, pi. 24, 
fig. 2. 

Ophiderpeton corvinii I p. 124; pi. 20, figs. 11, 12, 

Sparodus crassidens I pp, 86-88; fig. 40; pis, 9, figs. 1. 2. i. 
8, 9; 10, figs. 1-8. 

Rylotiomus pictus I p. 89; pi. 12, figs. 14, 15. 

Porierpeton nitens II p. 42; pi. 70, figs 9-11, 13. 

Macromerion schwarzenbcrgii II pp. 37-40, fig. 140; pis. 65; 
66; 67, figs. 3-1 i, ? 16-24, > 26; 68, figs. 10-15, 69. 

Macromerion simplex II p. 41 ; pi. 67, figs. 1, 2. 

Keraterpeton gigas Up 42; pi. 69, fig. 8. 

Branchiosaurus ? rohustus I p. 84; pi. 10, figs. 9, 10. 

Branchiosaurus ^ venosus I p. 83; pi. 9, figs. 6, 6, ? 7; ? 10, 
fig. 8. 

Dawsonia polydens I, pp. 90-92, figs. 42, 43; pis. II , 12, figs. 
1-13. 

Limnerpeton duhium I p 157 ; pi. 33, figs. 4, 5. 

Dendrerpeton ^ foveolatum II pp. 8-9, fig. 128; pi. 49, figs. 
10-13; 51, figs. 2-9. 

Macromerion f abbreviatum II p. 40; pi. 68, fig. 2. 

Macromerion ? bicolor II p. 41; pi. 67, fig. 15; 70, figs. 1-8. 

Macromerion ? juvenile II p. 41; pi. 68, fig. 1. 

Macromerion S pauperum II p. 41 ; pi. 68, figs. 6-9. 

Reptile. 

Naosaurus mirabilis III p. 121 ; IV pp. 86-87, fig. 386. 

These groups may be reviewed in turn. As will be seen, many 
revisions of Fritsch’s lists are necessary, and many of the tetra- 
pod forms are to be re-interpreted in the light of newer knowl- 
edge of other faunas. 

Acanthodian fishes. The ‘‘spiny sharks,’’ mainly characteris- 
tic of the Devonian, survived into the Permian, in Europe at 
least, but because of their typically delicate structure and small 
size are preserved in the late Paleozoic only under pai'ticularly 
favorable circumstances (such as those at Lebach). From 
Kounova only a few spines of Acanthodes are reported, in Texas 
none has ibeen positively identified. 

Sharh-Ulce fishes. The Pleuracanthodii were apparently 
common inhabitants of fresh waters in the late Carboniferous 
and early Permian. Their remains are common at Kounova ; 
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much of the material illustrated in Fritseh’s plates 83-87 and 
91 are Kounova specimens belonging to this group. Some of 
the material consists of the calcified cartilages of jaws, ■vis- 
ceral arches and braincase ; spines, usually -^rith the character- 
istic double row of denticles, are not uncommon ; teeth, showing 
variants of the characteristic three-pronged pleuracanth pat- 
tera are abundant. Fritsch attempted to distinguish three 
genera — Fleur acanthus, Orthacanthus, Xenacanihus — among 
hiS specimens of Carboniferous and Permian pleuracanths from 
Bohemia. Most of the material from Kounova is placed by him 
in a single species, 0. Tcownomensis, a large form with spines of 
the Orthacantlms type. A second supposed species of Ortha- 
canihus, 0. pinguis, is distinguished by the fact that the two 
rows of ‘'teeth” on the spines are more widely separated than 
in 0. kounoviensis. However, this character seems to be a 
variable one (note, for example, the variations between speci- 
mens included by Fritsch in O. hohemicus of Nyran, pi. 83, 
etc.) and does not seem to be valid. On the other hand, Pleuror 
canthus ovalis, in which the “teeth” are set on the lateral mar- 
gins of the spine, appears to be a valid although relatively 
rare form. 

Fritsch gave several other names to fragmentary specimens 
which are apparently pleuracanthid in nature ; it is probable — 
although impossible to determine definitely — that they are 
synonymous -with 0, kounoviemis as the common pleuracanth 
in the deposit. Brachiacanthus semiplanus from Kounova is 
represented by a single unomamented spine of a sort which 
Fritsch elsewhere ascribes -without hesitation to Orthacantlms 
(cf. pi. 83, fig. 10, with pi. 82, fig. 18, etc.). Flatyacantlms 
ventricosus of Kounova (pi. 86, fig. 5) is a spine very closely 
comparable to the type of ^^Anodontacanihus*' americarms of 
Hussakof (1911, pi. 26, fig. 5). As I have recently pointed 
out (1942, p. 227) this latter form is probably a pleuracanth. 
Tuhul acanthus suicatus is known only from a spine tip, appar- 
ently much weathered, seemingly indeterminate, but possibly 
pleuracanth in nature. Porierpeton mtens is a name given by 
Fritsch to certain “porous” skeletal elements which he 
included among the Amphibia. However, certain of the Texas 
pleuracanth specimens have a similar texture, and the visceral 
arch material from Texas includes an element (wliich I have not 
identified) comparable to that figured by him as Porierpeton in 
his plate 70, figure 10. 
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The Kounova pleuracanth material is very similar to that of 
the Texas redbeds, more especially that in the Wichita forma- 
tions. Calcified cartilages are not uncommon and may be 
locally abundant; teeth are very common in many localities. 
The spines are less common. The feir available to me are all 
of the Orthacanthus type; I have not seen the Fleuracanthus 
type of denticulation. The only remains in the Kounova mate- 
rials indicative of the presence of sharks typical of saline waters 
is a single tooth described as ^^Hyhadm^^ •aestitm. In the 
Wichita such materials are quite rare, but are occasionally 
found in localities which lie close to marine sediments laterally 
or vertically and thus may be suspected of having been laid 
down in brackish waters.* Included are several specimens of 
spines of the Kybodus type. 

Actinofterygian fishes. The Carboniferous and early Per- 
mian were times in which there flourished a great variety and 
abundance of palaeoniscoids* mainly of small size. In certain 
deposits their remains are abundant, in other localities (as at 
Kounova and in the Texas redbeds generally) they are rela- 
tively rare. Their rarity as fossils may be attributed in great 
measure to the fact that they were presumably a staple food sup- 
ply for many of the contemporary predators as well as to the 
fact that unusual circumstances must be present for their ade- 
quate preservation. At Kounova only three palaeoniscoids were 
described by Fntsch — Sphaerolepis {Trissolepis) hounoviensisi 
^‘Acenfrophorzis” dispersus, Progylrolepis speciosus. Obvi- 
ously this is not a fauna adequately representing the assemblage 
of palaeoniscoids present in Europe at the time, but merely an 
inadequate “random sample.” Of the three forms, Sphaerol- 
epis IS represented by a fairly good set of matenals and appears 
to be a good generic type without close relationships. The 
other two are inadequately known; I am not aware of any 
recent discussion of their nature or relationships by students 
of the palaeoniscoids except for Gill’s note (1923, p. 38) that 
^^Acentrophorus” dispersus does not belong to that genus. 

In the Wichita (cf. Dunkle, 1939) we find likeinse a sparse 
and not too representative assortment of palaeoniscoids, most 
of them also inadequately known ; onl^’^ five species are reported 
from both the Wichita and the overlying Clear Fork beds com- 

- 1 liave recently reviewed sucli finds (194(2, 220-227) ; in addition to the 
forms then known there has since been discovered in the Wichita a tooth 
of eochliodont type (cf Deltodus). 
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bined. Two of the three Kounova genera may be present. 
Sphaerolepis is reported but doubtful. Progyrolepis is not 
recorded in the American literature, but Dr, D. H Dunkle 
informs me that he is currently studying Wichita material of 
this genus. 

Lung fish. A large percentage of the Kounova material con- 
sists of tooth plates and other bones of lungfishes. Most were 
first described b}" Fntsch as Ceratodus barrandei but later 
ascribed by him to Ctenodus obliquus (the type material of 
which is from the Westphalian of Newshain). This material 
has been discussed bj' Watson and Gill, (1923) who identified 
many of the elements figured by Fntsch. As these authors 
note, the Kounova lungfish belongs to the genus Sagenodus. It 
is none too likely that the species is the same as that found in 
England at a much earlier time, and the Kounova lungfish may 
be appropriately'^ termed Sagenodus barrandei. Two specimens 
of dental plates from Kounova were smaller and differed in vari- 
ous points from the majority of the finds and hence were 
regarded by Fntsch as a separate species, Ctenodus applanatus. 
Similar plates in American materials have been found to be 
nearly iimiiature specimens of “noraial” Sagenodus plates and, 
applanaitis can be confidently regarded as a symonym of bar- 
randei. Certain bones included by Fntsch among the supposed 
amphibian material seem also to pertain to Sagenodus. Thus 
his plate 67, figure 14 is a Sagenodus quadrate (cf. Watson and 
Gill, fig. 11), and figure 20 of the same plate is perhaps a second 
specimen of this nature ; plate 70, figures 6 and 7 may be a lung- 
fish jaw element, as Fntsch himself suggested 

In Europe the genus Sagenodus is unknoira beyond the time 
at which the Kounova sediments were deposited; indeed, as far 
as I am aware, no later Paleozoic (Permian) dipnoans are 
known from that continent except for the rare and very aber- 
rant Conchopovia from Lebacli and two specimens from beds 
regarded as basal Permian and hence only slightly later than 
Kounova. These last include a single specimen from Koschtia- 
lov, Bohemia, named “Cfanodits” tardus (Fritsch, pi. 80b) and 
another from Igoimay in the Autun basin — Megapleuron. 
rocTiei (Gaudry^ 1883, fig. 246). Both are nearly complete 
fishes, but cranial and dental features are obscure and generic 
assignment is impossible. This paucity of Peimian lungfishes 
is in strong contrast to their abundance in earlier deposits and 
again m the Triassic. 
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A somewliat dijfferent situation is found in the North Amer- 
ican Permian. There are few traces of lungfishes in the Clear 
Fork (beds, shut in the middle and lower parts of the Wichita 
Sagenodus is present and abundant despite the defimte palaeo- 
botanical evidence of the Permian age of these beds. Earlier 
Wichita finds (some then considered as Cisco) were reviewed 
by Romer and Smith (1934*, 711-714) ; during the past decade 
a wealth of Sagenodus plates and teeth have been found as the 
result of work by the Museum of Comparative Zoology in the 
lower levels of the Wichita. This material is strikingly similar 
to that from Kounova pictured by Fritsch, both as to its gen- 
eral nature and the range of variation present; if we did not 
know otherwise, the Kounova material could be readily accepted 
as denved from a Texas locality. 

Crossopterygians. Of the two major types of late Paleozoic 
crossopterygians, coelacanths are as yet unidentified from Kou- 
nova and, while definitely present in the Texas beds, are rare 
and were not identified there until recent years (Westoll, 1937). 
Of the typical crossopterygians (Rhipidistia) the last known 
representative in Europe is Megalichthys of the Carboniferous , 
none are known there in the Permian. Fritsch reports and 
figures scales of this genus from Kounova. In America the 
rhipidistians (like Sagenodus) persisted later than in Europe, 
for there have been found at several localities in the middle and 
lower portions of the Wichita specimens of Ectosteorhachis, a 
genus close to Megalichthys and often considered synonymous. 

Amphibians . Fritsch lists from Kounova eighteen species of 
amphibians, assigned to ten genera. The deposit is especially 
rich in amphibian material, but this list needs considerable 
revision. 

Most of the amphibian material pertains to members of the 
important labyrinthodont group. Apart from several rhachi- 
tomes there is positive evidence of the presence of an embolo- 
mere highly comparable, in such respects as are known, to the 
Wichita form usually termed Cricotus but apparently more 
properly called Archeria.^ Tlie most distinctive material con- 
sists of tivo typical embolomere pelves (pi. 66, figs. 1, 2 ; pi. 67, 

“The genus Cricotus was based upon embolomere vertebrae from the 
lower Stephanian of Illinois. It is very improbable that the embolomerous 
form or forms from the Texas deposits of considerably later age are 
genetically identical. However the humerus descnbed by Case (1915, 170) 
under the name of Archeria is that of the Texas '‘Cricotus’' and it appears 
unnecessary to coin a new term. 
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figs. 1, 2). Fritsch correctly identified them as pelves, but 
misintei'preted their structure. They are very similar to the 
pelvis of ArcJieria. The first is somewhat larger than any 
complete Wichita specimen of that genus, but there are frag- 
mentary remains of Texas embolomeres of this size ; the second 
specimen is somewhat small and apparently somewhat immature. 
Apart from the pelves, other definitely embolomere remains are 
few. Plate 66, figure 5 is a typical embolomere intercentrum; 
figure 4 of the same plate is a femur with incomplete ends 
immature, or weathered?) which as far as preserved com- 
pares -well with that of ^^Cricotus.^^ I cannot be sure of the 
nature of plate 66, figure 3. The spine-like structure of plate 
69, figure 8, called Keraterpeton giganieum by Fritsch appears 
to be, as he suggested, a tabular (“epioticum”), but of an 
embolemere, not a nectridian. Apart from this, however, I am 
unable to identify with confidence any embolomere material 
among the remains of skulls and jaws from this locality ; most 
of them appear to belong to rhachitomes. Arclieria is dis- 
tinguished generically by the possession of closely-crowded 
slender teeth with somewhat chisel-like tips ; no such teeth are 
known from Kounova, and none of the jaw fragments presented 
is sufficiently complete to show whether other characteristic 
embolomere features ivere present. 

The Kounova embolomere material was included by Fritsch 
in his genus Macromerion. This, however, included a melange 
of various amphibian and reptilian remains, as recognized by 
Steen (1938, p. 262), and it seems best to utilize the name for 
the reptile. In default of any proof of identity with ArcJteria 
it seems inadvisable to refer it to the American genus. Memon- 
amenos (Steen, 1938, p. 24*0) is a Bohemian genus of approxi- 
mately the same age which is probably an embolomere, and the 
Kounova form may be provisionally referred to it as Memonomr 
enos simplex (the specific name has as a holotype a characteris- 
tic pelvis). 

Rhachitomous amphibians were at one time believed to be 
almost entirely confined to the Permian ; we now know, however, 
that they ivere abundant well back in the Pennsylvanian, and 
they appear to have formed a large percentage of the amphib- 
ians present at Kounova as in the Texas Wichita. There are 
apparently nine names (the last nine of the list given above) 
applicable to Kounova rhachitomes. The material, however, 
is so fragmentary that it is difficult to get any adequate idea 
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of the nature of the forms concerned or to compare them with 
Texas genera The situation is complicated by the fact that 
the tj^pe of fossilization at Kounova favors the preservation of 
larval or immature specimens as much or more than adults, so 
that size is not useful as a criterion for distinguishing one form 
from another. There are certainly two or three rhachitomes 
present ; possibly a few more ; but it is probable that many of 
the available names are synonyms. 

Evidence of the presence of a rhachitome of rather good size 
comparable in nature to Eryops of the Texas deposits and to 
Onchiodon and Actinodon of Europe is afforded particularly 
by the partial jaws shown by Fntsch in plate 68, figures 2 to 
9, to which the names MacroTnerion ^ ahhreviatum and M. ? 
paioperum were given. As may be seen (cf. Saivin, 1941; pi. 
5) these jaws appear highly comparable to materials of Eryops 
of the Wichita and presumably to the closely related European 
Lower Permian genus Onchiodon. The jaw fragments indicate 
a form with a skull length of perhaps 22 cm , that is, about 
half the size of the familiar Middle Wichita specimens of 
Eryops. To this same form belong some or all of the teeth and 
jaw fragments of plates 67 and 70 referred to M. scJiwarsen- 
bergii and M. bicolor; to it may also belong the Eryops~hke 
scales of plate 65, figures 4 and 5 ; plate 67, figure 13 ; plate 
69, figure 7 ; and such foot material as plate 67, figures 19, 21 
and 22. There are, however, no other remains of any large 
amphibian ivhich can be referred here, and the only other pos- 
sible material is such “laiwal” specimens as appear to be of the 
general Eryops-Onchiodon type. One small form of this sort 
is “Dendrerpetori" foveolafum, founded on several specimens 
from Kounova, among which we here specifically designate that 
figured on plate 51, figure 2 (no, 108) as the holotype. This 
specimen includes part of the skull and postcramal elements of 
a small and o^bviously immature rhachitome, with a supratem- 
poral but no intertemporal bone present in the skull table ; par- 
ticular attention is called to a clavicle (directly back of the left 
orbit) of the narrow, distally stnate type characteristic of 
Eryops and its close kin. Whether or not several other speci- 
mens assigned to this species by Fritsch are generically or 
specifically identical is not certain. The interclavicle figured 
by Fritsch in plate 10, figure 9 as “Branchiosaurus^” robttstiis* 

*As I have pointed out elsewhere (Romer, 1939) Branchiosaurtis is a 
term used for small, larval specimens of various rhachitomes. 
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is a small specimen of the type seen in the Eryops group ; with 
this was associated a partial jaw of appropriate size. 
‘^BrancMosanrus” nenosus is the name given by Fritsch to a 
number of parasphenoids*' from Kounova (pi. 9, figs. 5-7 ; cf. 
also pi. 10, fig. 8). One or more of these may well belong to 
the type of rhachitome here discussed, and we may note a simi- 
lar parasphenoid forming part of the type of “Dendrerpeton” 
fcroeolatum. 

There is a considerable amount of Kounova material repre- 
senting both upper and lower jaws of small amphibians. We 
may note specimens seen on plate 49, figures 10-13; plate 51, 
figure 3 {“Dendrerpeton‘‘^ foveolatum) ; plate 67, figure 15 
{Macromerion hicolor) ; the angular of plate 67, figure 12. 
Some of this material may belong to the present form, but cer- 
tainty is impossible. It must be remembered that little diag- 
nostic value can be placed on the distribution of teeth in a 
labyrinthodont jaw ramus because the type of tooth replace- 
ment (in alternating waves) would give the same jaw seemingly 
very different types of dental equipment at different periods. 

There is thus considerable probability — although in individ- 
ual points little certainty — that much of the Kounova amphib- 
ian material pertains to varied growth stages of a rhachitome 
similar to Eryops of the Wichita. 

The first specific name applied to any of the material dis- 
cussed 13 foveolatum. Generic assignment is difficult ; no gen- 
eric name used at Kounova is available. Geographical “pro- 
priety” suggests the use of a European name; Oncliiodon is a 
seemingly closely related form of somewhat later date We 
may therefore term this rather synthetic amphibian Oncliiodon^ 
foveolatum. 

Darvsonia polydens was founded by Fritsch on the basis of a 
number of fragmentary specimens of small amphibians illus- 
trated in plates 11 and 12. The most important single speci- 
men is his No. 106, winch may be specifically designated as the 
holotype It is by no means sure that all these materials 
belong to the same animal. The holotype includes a rhachi- 
tomous neural arch (pi. 12, fig. 5) ; a feebly ossified scapula ; 
some inadequate remains of limb and girdle elements; sculp- 
tured elements (pi. 12, fig. 6) which may be an expanded clavicle 
and intercla\’icle , some well sculptured skull bones; a parietal 

® Bulman and Wluttard (192ff, 558) consider them as mterelavicles, but 
they are surely incorrect in this statement 
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viewed from the ventral surface; an interclavicle. Fritsch 
associated with the type several other specimens in which the 
most characteristic element is the pterygoid. This is a puz- 
zling element (it will be noted that although several pterygoids 
are figured by Fntsch on plate 11, none is present on the holo- 
type). There appears to be a very deep quadrate (and otic) 
ramus, but the nature of the braincase articulation is not clear, 
and there is no evidence of the normial labynnthodont pterygoid 
flange. The palatal ramus as preserved is a long, slender struc- 
ture, heavily denticulate. I know of no well-known laby- 
rinthodont comparable in respect to the pterygoid. Two of the 
pterygoids figured by Fntsch show along the lateral margin a 
row of teeth at right angles to the pterygoid’s palatal surface. 
Possibly these may be a row of teeth on palatine and ectop- 
terygoid. 

There is no conclusive evidence that this palatal material 
belongs to the same amphibian as the holotype. The associa- 
tion rests on the fact that the parasphenoid associated with 
one of the palatal specimens appears to be similar to the holo- 
type parasphenoid. The “microsaurs” Rantylus and Sparodus 
(the latter apparently present at Kounova) have a comparable 
pterygoid structure, and it is not impossible that the palatal 
material (belongs to the latter genus. 

No confidence can be placed on Fritsch’s restoration of the 
skull roof from isolated elements, some of them of questionable 
nature. In this connection we may note the skull table named 
Macromerion ? juvenile (pi. 68, fig. 1). This is of appropriate 
size for Dawsoma. The upper surface, where seen, is strongly 
sculptured. The skull table is relatively long and narrow, as 
compared with eryopids. There are typical otic notches; 
cheek elements appear to have been firmly united to the table 
as in rhachitomes and in contrast with typical embolomeres. 
The sutures surrounding the postparietals (“oberes Hinter- 
hauptbein”) indicate that the tabulars were small In diagnostic 
rhachitoraous fashion. Sutures are not readily seen in the 
temporal re^on in Fritsch’s figure, but Steen (1938, 262) 
states that (in contrast with the Eryops group and most Per- 
mian genera) both inter'temporal and supratemporal were pres- 
ent ; it will be noted that the parietal of the Dawsoma holotype 
(pi. 12, fig. 3) is incised along its lateral margin as if for the 
reception of this element. It is, hence, possible that this skull 
table is that of Dawsonian and that the form is a primitive 
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rhachitome of the Trimcrorliachls type known in the Texas 
Wichita. 

Of the second major division of Paleozoic amphibians — forms 
with “holospondylous” vertebral centra, i.e., the lepospondyls 
in a broad use of that term — two types are clearly present at 
Kounova. Ophiderpeton^ a snake-hke aistopod common in 
earlier Pennsylvanian deposits, is represented, apparently by a 
single specimen. This is described as 0. vicinum. Two other 
specific names are given to specimens of the “kammplatten” 
which Fritsch believed to belong to Ophiderpeton; I have noth- 
ing to add to the controversy regarding the nature of these 
structures. Ophiderpeton is not reported from the Wichita ; a 
small and delicate form of this sort is not likely to be preserved 
there. 

A second, and very different, lepospondyl is Sparodus eras- 
sidens. As I hope to point out at another time, Sparodus is 
closely related to Pantplns, known only from the Clyde Fonoia- 
tion of the Wichita group. Fantylus is not, as usually stated, 
a cotylosaurian reptile but a lepospondylous amphibian of the 
“microsaur” group. “Hylonomue*’' pictus is the name given to 
an amphibian jaw fragment with blunt teeth; it is indeter- 
minate, but may well belong to Sparodus. 

Reptiles. In his earlier descriptions no reptiles of any sort 
were recognized by Fritsch at Kounova. Later he recognized 
a single specimen as reptilian. It now seems clear that at least 
two are actually present in the material. 

A small spine fragment from Kounova was at first thought 
by Fritsch to pertain to a fish. Later, with the publication of 
descriptions of American specimens of the Edaphosaurus- 
Na&saurits type, he realized its identity (cf. Homer and Price 
1940, pp. 388-389) with them. Edapivosaurus is one of the com- 
mon pelycosaurs of the Wichita, but the American species of 
this age are larger ; the smallest Wichita specimen known to me 
has a length of centrum twice that of Fritsch’s. The some- 
what earlier age of Kounova may account for at least part of 
the size difference ; there appears to have been a steady increase 
in the size within the Edaplwsaurm “phylum” during Wichita 
time. 

The name Macromerion sclvwarzenhergii seems properly 
applicable to a large pelycosaur which can be definitely identi- 
fied as such in the Kounova cannel although only a small per- 
centage of the material described under this name belongs here. 
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1 am embarrassed to find that this material was overlooked by 
Price and the writer in our recent review of pelycosaurs (194!0) 
due to its “burial” in Pritsch’s work amongst a series of amphib- 
ian remains. The most characteristic piece is the upper jaw 
fragment figured b}^ Pritsch on plate 65, figures 6 to 9. This 
is an inner view of a right maxilla which in almost every respect 
is very closely comparable to that of Diinetrodon and other 
typical Amencan sphenacodonts (cf. Romer and Price 1940, 
pi. 9). The anterior portion is missing, and with it the large 
pair of “canines” characteristic of sphenacodonts; Pritsch, 
however, notes that the base of a large canine is present. There 
are eight post-canine teeth preserved, whereas 12 or 13 are com- 
mon counts for Wichita sphenacodonts; the bone is, however, 
incomplete posteriorly and several additional small teeth may 
have been present in life. There is a thick supracanine swelling 
of the type characteristic of sphenacodonts and even an indica- 
tion of the antero-posterior groove seen to cross this swelling in 
well preserved sphenacodonts. The dorsal margin of the bone 
IS, as in American sphenacodonts, thin and irregular along its 
line of suture with the lacrimal. At the lower left hand margin 
of the specimen is seen the deep recess into which fitted the 
anterior end of the palatine, a bone wliich here formed the pos- 
terior margin of the choana. The teeth are, as in American 
sphenacodonts, somewhat recurved and compressed at their 
tips. The size of the maxilla is appropriate for a sphenacodont 
little smaller than Dhnetrodon limbatuSf the typical Wichita 
form. 

A second specimen which may well belong to the same animal 
is an interorbital region of a skull roof, seen in plate 65, figure 
1. This bears a somewhat rugose surface as in large sphena- 
codonts. It seems probable that the whole central portion of 
the specimen consists of a pair of elongate sphenacodont fron- 
tals and that the apparent diagonal lines crossing these two 
elements are cracks rather than sutures. On the left side is a 
clear suture outlining the prefrontal. Posterior to this, it 
wmuld seem that the postfrontal excludes the frontal from the 
orbit, an unusual (although not impossible) condition for a 
pelycosaur; however, the apparent inner border of the post- 
frontal may be a crack rather than a suture. 

The bone in figure 2 of the same plate, which Pritsch thought 
might be a fish vomer, is a reptilian pterygoid, probably 
although not certainly pelycosaurian. The teeth crowning the 
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flange are only preserved in part and are rather small, rela- 
tively, for a sphenacodont ; and as an isolated structure the 
pteiTgoid could be interpreted equally well as an ophiacodont. 
In size it is a bit small for the other skull material just 
described, but it might nevertheless pertain to the same animal. 
The vertebra of plate 65, figure 3 is an appropriate pelycosaur 
caudal. Tlie limb bone of plate 69, figures 2 and 3 is the prox- 
imal part of a left tibia, identifiable in every particular as that 
of a sphenacodont. Except that it is slightly immature and 
that, hence, the articular surfaces are less completely ossified, 
it can be directly compared with a tibia figured by Homer and 
Price (1940, pi. 32) ; it is somewihat small for an animal such 
as that to which the maxilla belonged. Plate 69, figure 6 is 
a crushed radius of similar size to the last (cf. Homer and Price, 
pi. 33). Not improbably the ribs seen in plate 68, figure 10 
and plate 69, figures 4 and 5 are of sphenacodont type with the 
tuberculum broken off — a frequent occurrence in American 
material. 

Of interest is the left pelvic girdle seen from the inner surface 
in plate 69, figure 1. One’s first impression is that it is another 
ombolomcre pehas; but, as far as preserved, it agrees per- 
fectly vith those of sphenacodonts (cf. Homer and Price 
1940, pi. 28). This similarity is particularly true of the 
Imperfect piibis, seen at the right in lateral view. The ilium 
as preserved differs from such a species as Dbnetrodon inciskms 
in the length and rod-like character of its posterior extension 
and in the seemingly slight development of the blade. How- 
ever, a comparable posterior development is seen in other Amer- 
ican dimetrodons (as, for example, D. Joomisif Homer and 
Price 1940, fig. 27) ; the blade is rather vanable in its develop- 
ment in American forms. 

Certain of the unidentified bones on Fritsch’s plate 67 may 
also belong to this pelycosaur as, for example, figure 18, which 
appears to be a metatarsal of sphenacodont type. We thus 
have, in the material here retained or included in Macromerion 
schroar::enbergiif evidence of the presence at Kounova of a good- 
sized pelycosaur closelj' comparable to Dimetrodon and related 
sphenacodonts of the Wichita and other American deposits. 
Since, hoM'ever, the nature of the spines and other diagnostic 
features are not known, generic identification with American 
fonns is not at present possible or advisable. 

Taxonomic notes. The taxonomy of a series of fragmentary 
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materials such as this is a difficult matter, and the situation is 
rendered worse in this instance because Fntsch in general failed 
to designate genotypes or species holotypes. Some points in 
this regard are here noted as related to the reptiles and 
amphibians. 

Much of the tetrapod material from Kounova was included 
by Fntsch in the genus MacroTnerion, with a number of species.® 
No genotype was fixed by Fntsch, but Lydekker (1890, 160), 
properly, I think, fixed M. scimarsenhergii as the type. The 
material of the species, however, included elements of a lungfish, 
an embolomerous amphibian, at least one rhachitome, a reptile, 
and possibly other animals. The holotype is hereby designated 
as the specimen shown in Fritsch’s plate 65, figure 6 — a maxilla 
of a sphenacodont reptile. M. simplex is available as a specific 
(but not generic) term for the Kounova embolomere. Mac- 
romerion hicolor, M.^ juvenile, M,? ahbreviatum, M.'^ pau- 
perum are, as noted above, terms available for rhachitomes from 
this locality. They date, however, only from 1885 (or 1886?) 
when pages 33-64 of Volume II of Fritsch’s monograph were 
published; earlier available Kouno-va names which possibly or 
probably apply to rhachitomes are those which appeared in 
earlier portions of that work. These are, in order: Branchi- 
osaurus? venosus, B.? rohustm, Dawsomia polydens, Dendrer- 
peton? foveclatum, Livmerpefon dubivm. These have been dis- 
cussed above. Except for Damonia poly dens none of these 
species is a genotype or should be considered as such. 

Sytematic summary. As a result of our review of the Kou- 
nova material, the original list of forms given by Fritsch must 
be considerably modified. There appear to be about 16 foirnis 
whose presence at Kounova seems certain. The other species 
named by Fritsch are in all probability synonyms of those listed 
below and are given in brackets in the tabulation : 

Acanthodii, 

1. Acanthodes punctaius. 

Sharks. 

2, Ortkacanthus hounoviensis [0. pinguis, Brachmcanthus 

semiplanus, Platyacanthus ventricosus, Tuhulacanthus 
sulcatus~\, 

*M. bayeri was described from Nyran; part, at least of the material 
(Fritsch, pi 64) is that of a good-sized rhachitome. It has an Eryops- 
like sho^der girdle, which Fritsch, followed by Lydekker (1890, 161), 
mistook for a pelvis (see Steen 1931, 7; Broili 1908, 52-53), 
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3. Pleui acanthus ovalis. 

•i. "Htfbodus^" vestitiis. 

Actinopterygii. 

5. Trissolepis hounomensis. 

6. "Acentrophorus'’ dispersus. 

7. Progyrolepis speciosus. 

Crossopterygii. 

8. Megalichthys nitens. 

DiPJfoi. 

9. Sagenodus barrandei [Ctenodus applanatus']. 

Labyrinthodont Amphibia. 

10. Memonomenos ^ simplex [^Keraterpeton gigas^ 

11. Onchiodon ? foveolatum [Macromerion abb? eznatun, M. 

hicolor, M. ? pauperuMy BranchiosauruSy ^ robustus B. ? 
venosus, Limnerpeton duhium, Porierpeton rutens^. 

12. Dawsoma polydens {Macromerion ? peoemle^. 
Lepospondylous Amphibia, 

13. Ophiderpeton victnum. 

14. Sparodus crassidens {Hylonomus pictus']. 

Peeycosauria. 

13 Macromerion schzcarzenbergii. 

16. Edaphosaurus mirabihs. 

This fauna is, m its general aspects, one representative of 
the type expected in any European or North American assem- 
blage of the late Cai'boniferous or early Permian, although the 
relatively restricted and fragmentary material from this single 
coal-swamp pool deposit presumably includes but a small part 
of the total fauna then present in the region. Among the 
iishes, pleuracanth sharks, the lungfisb Sagenodus and palaeo- 
niscoids are plentiful. Of the amphibians, there are both 
embolomeres and rhachitoines, labyrinthodonts and lepospon- 
dyls — the latter group neanng the close of their Paleozoic 
developmental period and not too abundant. Reptilian remains 
are not expected in any numbers in a coal-swamp deposit of this 
type, but the presence of Edaphosaurus and a typical sphena- 
codont indicate that the drier land areas may have had a 
varied fauna of primitive reptUes. 

The Kounova fossil material is strikingly similar to that 
from the Texas Wichita. Many points of similarity have been 
noted in our discussion of the various groups and forms con- 
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cerned. The material as a whole is of such a nature that if 
one familiar with Texas collections were presented with it 
without knowledge of its origins, he would consider it, with 
little or no question, as of Wichita origin. Most of the mate- 
rial could be assigned without difficulty to Texas genera (and 
even species) ; the relatively few exceptions would not be dis- 
turbing since it is common, even today, for any fairly extensive 
collection from a new Wichita locality to make some new addi- 
tion to the fauna. 

This similarity, however, does not appear in the faunal list as 
given above. None of the species as listed is a Texas species : 
relatively few of the generic names used are those of Texas forms. 
The reasons for this have been implied or stated more than once 
in our discussion of the various forms concerned. Texas and 
Bohemia are today regions remote from one another — ^about 
5,700 miles by direct great circle distance across the North 
Atlantic, 10,000 miles along the shortest land route via North- 
ern Asia. 

In default of good proof to the contrary, one hesitates to 
claim generic or specific identity for two animals living in areas 
so remote geographically from one another. 

Despite this conscientious attempt on my part to conceal the 
similarity of the faunas, their close relationship is still appar- 
ent. Of the sixteen genera hsted from Kounova, four are 
definitely Texas Wichita forms and eight others might be gen- 
erically identical as far as the evidence goes; four are unre- 
ported from Texas, but two, at least are based on rare and 
fragile materials readily overlooked there. Of the sixteen 
genera, thirteen are reasonably assignable to families knoivn 
from the Texas deposits, and it is not improbable that further 
work in the Wichita may lead to future recognition of a com- 
plete identity of the faunas on the family level. 

Pedaeogeograplxical implications. This remarkable faunal 
similarity naturally leads to a reconsideration of the palaeo- 
geographic situation. Vertebrate paleontologists have in 
recent years tended to be, on the whole, conservative in their 
views on earlier continental connections and relationships. As 
Matthew (1915) pointed out, nearly all Cenozoic faunal prob- 
lems are best interpreted on the basis of fixed continents with 
none but the obvious “natural” connections above continental 
shelf boundaries between them; Simpson (1943) has recently 
reviewed the situation and affirmed Matthew’s conclusions. 
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Concerning older geologic 'periods, however, the geographic 
picture is less clear as regards the vertebrate evidence. For 
the Mesozoic in general, continental vertebrate faunas are too 
few in number and too scattered to give any strong verdict on 
inter-continental relationships.^ As regards the late Paleozoic 
the evidence is not decisive. It is unfortunate that until Per- 
mian times our knowledge of fossil vertebrates is almost entirely 
confined to Europe and North America. There is, however, 
a consideraible body of data which suggests that at that time 
geographic relationships between these two continents were of 
a more intimate nature than was the case in the Cenozoic. The 
Kounova fauna is a case in point. 

To explain the Kounova-Wichita similarities on the basis of 
“normal” continental relationships, one might point out, of 
course, that Eurasia and North America are today so similar 
in their faunas that they are often regarded as constituting a 
single Holarctic region, and argue that the similarities cited 
here betiveen Texas and Bohemian forms are due to a con- 
tinental configuration in the late Paleozoic similar to that of 
the Cenozoic, ivith intermigration between Europe and North 
America ‘via Asia. 

Upon closer examination, this argument loses much of its 
force. We do have, today, many resemblances between Eura- 
sian and North American faunas. But how great are the 
resemblances between the two extremes, between North America 
and Europe — not Asia^* Further, many of the faunal resem- 
blances have to do with higher vertebrate groups, the mammals 
and birds, which can migrate with relative ease and rapidity. 
How great are, actually, the European — North American 
resemblances as regards lower vertebrates? 

To answer this question I have tabulated and compared the 
amphibian and reptilian faunas of the two regions.* As per- 
haps the fairest method of formulation, I have put the question 
in this fashion: Of the genera and families present in Europe, 
what percentage are present in North America? This treat- 
ment is comparable to that given our discussion of the fossil 
faunas 

'^Von Huene and Nopcsa, notably, have argued ably for various “unor- 
thodox” Mesozoic land connections. It is inappropriate to discuss the data 
On the present occasion, but I do not feel tliat their evidence is conclusive 

'‘My colleague. Curator Arthur Loveridge, has aided me in this com- 
pilation I have not attempted to extend this comparison to the fresh- 
water fishes, smce I do not feel comjietent to deal with the systematic 
problems involved 
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The modern European fauna comprises some 51 genera of 
reptiles and amphibians. Of these, only 12, or about 24 per 
cent, are also present in North America. There are 21 fam- 
ilies present in Europe. Of these only 10, or about 48 per cent, 
are common to both continents ® It is obvious that the Kou- 
nova-Wichita resemblances were much greater. Generic iden- 
tities are at a minimum 25 per cent, and may be as high as 
75 per cent; family identities are not improbably as great as 
87 per cent, and may prove to be still higher. At the end of 
the Carboniferous, resemblances between the lower vertebrate 
faunas of Europe and North America were, thus, roughly tivice 
as marked as they are today, if the Kounova assemblage is 
representative. 

If we cling to the concept that late Paleozoic continental 
relations were similar to those of later periods, how are we to 
account for the much greater resemblances between Europe and 
North America at that time? Several possible arguments come 
to mind. It might be claimed (1) that in the late Paleozoic the 
migration route via Asia was more readily traversed than in the 
Cenozoic; (2) that a longer period of time had been available 
for faunal diffusion; and, related to the last assumption, (3) 
that the Paleozoic groups concerned were old established and 
stable ones as compared ivith those involved in the Cenozoic 
faunal picture. 

None of these suppositions appears to carry conviction. 

1. We have almost no knowledge regarding the nature of 
possible land connections via Asia in the late Paleozoic, but the 
Cenozoic connection appears to be about as satisfactory a one 
as might be desired The history of mammalian faunas indi- 
cates that, although, occasionally interrupted, it was freely 
open for migration for considerable lengths of time at various 
stages of the Cenozoic. For a relatively short period in very 
late Tertiary and Pleistocene days, the establishment of sharp 
climatic gradients would have hampered interchange of Amer- 
ican and Eurasian amphibians and reptiles, but during the 

® The reverse formulation, i e , compiling the larger North American 
list and determining the percentages of genera and families also found 
in Europe, gives, as expected, a dstmctly lower percentage of common 
forms. If, however, African occurrences be added to European, the figures 
are about the same as those given above. It mighlt be argued that the 
low percentage of common genera might be due to the work of taxonomic 
“splitters” of genera. However, m most of the types concerned, the 
genera are apparently broadly drawn 
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greater part of the Tertiary, climatic conditions, as indicated 
both by the type of mammal migrants and by the flora (Chaney 
1940), Ttrere favorable. 

2. There is ample evidence that free communications 
between Eurasian and North American regions were in existence 
at least as far back as the beginning of the Tertiarj*', a span of 
time currently estimated, on the basis of radioactive phenomena, 
at about 70,000,000 years, and may have existed still earlier. 
We could not desire anj^ longer span for a similar connection 
to account for the Kounova situation, for the simple reason 
that most of the groups concerned would not have been in 
existence at such an early date. Using a current estimate of 
60,000,000 years for the Carboniferous, 70 millions would 
carry us back well into the late Devonian. Of about 11 orders 
and 15 families represented at Kounova, only 4 orders are 
knowTi to have been in existence at such an early time, and not 
more than two or three of the families had been as yet developed. 

3. It might be assumed that the relative lack of similarity 
between the modem faunas discussed is due to the fact that the 
types concerned have been in a rapid evolutionary phase, with 
consequent lack of thorough diffusion. This is not the case. 
Apart from the snakes, the major amphibian and reptilian 
groups now present were in existence by the beginmng of the 
Cretaceous, and numerous and varied families representative of 
all of them were established by late Cretaceous or Eocene times. 
The snakes are poorly represented in the fossil record and 
appear to have undergone much of their differentiation during 
the Tertiary, and in their case alone late Tertiary climatic 
changes may have been a bar to free intermigration. In the 
Kounova-Wichita comparison, nine groups of ordinal rank 
include the common forms. One, that of the hybodont sharks, 
appears to have inhabited salt waters (although probably 
littoral) and hence affords unsatisfactory evidence. Two — 
rhijDidistian crossopterygians and lung-fishes — were groups 
which were established well back in the Devonian and which 
appear to have evolved but slowly during the Carboniferous; 
their distribution at the end of that period may be adequately 
explained on the basis of “normal” continental construction. 
Tliree other groups — pleuracanth sharks, lepospondylous 
amphibians and embolomeres — appear to constitute an inter- 
mediate category as regards rate of evolutionary development. 
There is no reason to believe that any one of them was in 
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existence before the beginning of the Carboniferous/® We 
know httle of them in the lower part of the Carboniferous and 
hence can say little about the rate of their evolutionary develop- 
ment. It is, however, quite possible that, once established, their 
development during this period was slow and that, hence, tlie 
similarities here between America and Europe could be attrib- 
uted to communications via, Asia. 

Far different is the case of the three remaining groups — 
palaeoniscoid fishes, rhachitomous amphibians, pelycosaunan 
reptiles. Palaeoniscoids appear in the Middle Devonian, but 
were rare both in numbers and in variety of forms present until 
the end of the Devonian. Recent work has shown that at 
about the beginning of the Carboniferous there began within 
this group an explosive evolutionary phase which continued 
throughout the remainder of the Paleozoic. The oldest def- 
initely known rhachitomes are mid-Pennsylvanian; there is 
abundant evidence that they were in a stage of rapid evolu- 
tionary advance and deployment during late Pennsylvanian 
times. The paucity of Carboniferous fossiliferous continental 
deposits other than those of cpal-swamp type is responsible for 
the fact that we have little idea as to the time at which rep- 
tilian evolution began; but the development before the end of 
the Pennsylvanian of such specialized reptiles as the pelycosaur 
Edaphosaurus and the sphenacodonts is adequate evidence that 
the early evolution of the reptiles was a very rapid one. Close 
similarity — in some cases positive generic identity — ^between 
representatives in two regions of rapidly evolving groups 
strongly suggests intimate geographical connections between 
the areas involved. 

The discussion above strongly suggests that in late Carbonif- 
erous times the possibilities of intermigration between Europe 
and North America w'ere much greater than was the case in the 
Cenozoic via the Alaskan-Si'benan bridge, and that, therefore, 
some more intimate type of connection was then present. Were 
the instance cited the only one leading toward this conclusion, 
the argument might be dismissed with relative ease. It is not, 
however, an isolated example. Throughout the later Paleozoic 
IV e find that in every case in which faunas of the same age and 
from the same general environment are known from the two 
sides of the Atlantic, they are remarkably similar in nature (cf. 
Nopcsa 1934). 

Citations of Devonian pleuracanths are, as far as I know them, based 
on very fragmentary and systematically doubtful material. 
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The earliest faunas in which adequate material is available 
are those of Devonian fresh water fishes Here every advance 
in our knois ledge demonstrates increasingly the great similarity 
between the two continents. At one time this similarity was 
masked by the nomenclature. This is still true to a degree, and 
there are many rare, obscure, or doubtful genera reported only 
from one or the other of the two continents. It appears, how- 
ever, that in almost every instance a form abundant in one 
continent can be proved present in the other. The crossop- 
terygian Ezisthenopteron is a case in point. This is common in 
the Upper Devonian of Quebec, but was thought to be a diagnos- 
tic American form, absent in Europe. During the last decade, 
however, it has been positively identified in collections from the 
“Old Red” of both Scotland and the Baltic region (Westoll 
1937; Jarvik 1937). 

American Mississippian continental vertebrates are inade- 
quately known ; our next opportunity for comparison comes in 
the Pennsylvanian, where both Steen and the writer have studied 
with some care the coal-swamp tetrapods of both continents. 
Both of us have been strongly impressed by the remarkable 
similarities of the faunas. Many of the genera are identical, 
and certain of the differences remaining are attributed m part 
to inadequate material and to the fact that the best faunas 
available on either side of the Atlantic (Linton, Nyran) are 
somcAvhat different in age (Romer 1930, Steen 1931, etc., cf. 
Westoll 1944, pp. 105-108). Westoll (1944) has studied the 
Pennsylvanian fish faunas of the two continents wuth particular 
reference to the Haplolepidae. His careful analysis of the 
situation leads him to believe that very free interinigration must 
have been possible, and that the most satisfactory explanation 
is afforded by the hypothesis of continental drift. 

In the Permian, comparison can be made only in the earliest 
part of the penod, for continental vertebrates disappear from 
the American record after the deposition of the lower Clear 
Fork. The faunas of the American redbeds and those of the 
Rotliegende were once thought to differ markedly. This, how- 
ever, was due in part to inadequate knowledge of the faunas 
(particularly that of Europe) and in part to the fact that 
the type of sediments tended to the preservation of animals 
of different sorts in the two regions — small pool-dwellers in 
Europe, more of the larger and more terrestrial types in Amer- 
ica. Increasing knowledge of the faunas tends to emphasize 
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the 'basic similantj of the two regions (qf. Romer 1925, etc.). 
However the resemblances here are somewhat less marked than 
in the late Carboniferous. In some cases identical genera are 
present; in others, we are sure that although closely related 
forms were present, the genera were distinct. There is hence 
less evidence for direct contemporaneous connection of the con- 
tinental areas. But, even so, it may he remarked that the com- 
parisons between the Texas redbeds fauna and that of central 
Europe, which even on a Wegnerian basis cannot have been less 
than 2,000 miles apart, are just as close as they are between 
the Texas fauna and that of the supposedly contemporaneous 
Abo fauna of New Mexico, only a few hundred miles away ' 
Consideration of Paleozoic vertebrate faunas as a whole thus 
leads to the conclusion that during this time North America 
and Europe were connected in such fashion that extremely free 
and relatively rapid faunal interchange was possible among 
the rapidly evohnng vertebrate groups. Discussion of the type 
of connection involved is handicapped by the fact that until 
Middle Permiian times we know almost nothing of the verte- 
brates of any regions except Europe and North America. It 
is possible that the similarities between these two continents 
were due merely to a condition in the Paleozoic in which verte- 
brate faunas were similar throughout the world, wnth extremely 
easy interdiffusion between all areas, by way of normal inter- 
continental connections and that the faunas of other regions, 
if kno-wn, w-ould also be similar in composition. This assump- 
tion cannot at present be proved or disproved, but it assumes, 
because of the rapidity of the evolution undergone by many 
of the groups concerned, an ease of intermigration difficult of 
belief. The available evidence strongly suggests (although it 
does not prove) intimate and direct connection in the later 
Paleozoic between Europe and North America, whether by 
apposition oif the two continental masses under a Wegnerian 
interpretation or, with fixed continental positions, by a sub- 
stantial North Atlantic bridge since destroyed. 
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UPPER DESMOINESIAX PUSULINIDS. 

M. L. THOMPSON. 

ABSTRACT Three species of fusulmids from the upper part of the 
Desmomesian series are described and illustrated as FusuUna? incansptcua 
Girty, P.? rickeremis, n. sp., and F.? arenana, n sp. These forms are 
somewhat intermediate in nature between, typical species of Fusulinella and 
typical species of Pusuhna They are referred with question to J’usulina, 
but it is realized they may be descendants of a species of Fitful tneUa and 
are not gener.cally related to any species of Fusultna For direct compari- 
sons, topotype specimens of the genotypes of Ficsuhnella and Funulma are 
described and illustrated. 

T he Desmoinesian rocks of North America generally are 
referred to paleontologically as the Zone of Fusidina. 
Species of this genus are known from throughout the Desmoi- 
nesian, and no species of the genus is known from American 
rocks not of Desmoinesian age. Many American species of the 
genua Ftbsidina Fischer-de-Waldheim seem to have short strati- 
graphic ranges, and they are useful for detailed stratigraphic 
correlations. 

The upper part of the Derryan rocks of North America gen- 
erally are referred to paleontologically as the Zone of Fusu~ 
hnclla, for a clo'sely related group of species of the genus Fusu- 
linella Moller more or less predominates the fusuhnid fauna of 
that part of the stratigraphic sedtion. The genus Fusulinella 
has not been found in rocks of lower Derryan age, but species 
of the genus have been reported from the lower part of the type 
section of the Desmoinesian series of Iow’a,(l)* and from the 
Desmoinesian of Ohio, (2) New Mexico(3) and Illinois.(4i) 
However, no species of Fusulinella has been reported from the 
middle or upper part of the American Desmoinesian. Many 
species of the genus Fusulinella seem to have short stratigraphic 
ranges, and they are useful for detailed stratigraphic correla- 
tions. Therefore, representatives of both Fmulina and Fusu- 
linella have assumed considerable importance in the correlation 
and zonation of low'er Pennsylvanian rocks. 

Several species of fusulinids of someivhat uncertain generic 
affinities have been discovered in the upper part of the Des- 
momesian rocks in the Mid-Continent region. They seem to be 
someivhat intermediate in naJture between the genotype of 

* Numbers in p.irent]ies“s r-fer to the References at the end of the paper 
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Fmulinella, F. bocki Moller, and the genotype of FusuUna^ F. 
cylindrica Fischer-de- Waldheim, although they occur strati- 
graphically near some of the biologically most highly developed 
American species of Fusvlina. As mentioned above, however, 
typical species of Fusulinella are not known in America above 
the lower part of the Desmoinesian. The structural features 
of these forms suggest that they are biologically highly 
developed descendants of a species of Fusztlinella and not of a 
species of Fuaulvna. 

Although these species are not closely similar to either the 
genotype of Fusulina or the genoitype of Fusidinella, I prefer 
to refer them for the present wiilh question to the genus Fusu- 
lina. I realize that they possibly are not closely related to any 
species of that genus. 

One of these species was described by Girty(5) in 1911 from 
the lower part of the Wewoka formation of Oklahoma as Fmii- 
lina inconspicua Girty. Another species from the Ricker lime- 
stone of Texas is being described bdow as FusuUna ? rickerensis, 
n. sp., and still another from the upper part of the Boggy for- 
mation of Oklahoma is being described below as Fusulma? 
aremria, n. sp. 

In many respects these forms resemble some of the highly 
elongate species of FmvXin^Ua from the upper part of the 
Derryan, such as F. proUfica Thompson. In other respects 
they resemble some of the primitive species of the genus Fiisu- 
lina from the lower part of the Desmoinesian, such as F, car-' 
mani (Thompson). Still in other respects they have charac- 
teristics similar to those of spedes of Fusulma from the upper 
Desmoinesian. As so many species of both Fusulinella and 
FusuUna are now recognized to be of great value in the correla- 
tion and zonation of lower Pennsylvanian rocks, it seems 
important that the occurrence of these questionable species of 
F^isidma in the upper part of the Desmoinesian should be 
emphasized. 

A general trend in evolution can he recognized among species 
of FusiiUrwUa during Derryan time. The sitratigraphically older 
species of this genus have spirotheoa with thin diaphanotheca, 
well developed chomata and tectoria, and practically unfluted 
septa. Many species of Fusulinella in upper Derryan and lower 
Desmoinesian rocks have spirotheoa with thicker diaphano- 
theca hut relatively tlunner tectoria, more highly fluted septa, 
and less massive clioraata. The primitive species of Fusulma in 
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basail Desmoineaian rocks resemble upper Derryan and lower 
Desmoinesian species of FusuZinella in most respects except that 
their septa are more highly fluted across the central part of the 
shell. The general trend in the evolution of Fusulina during 
Desmoinesian time is an increase in the height and intensity 
of the septal fluting, a general thickening of the diaphanotheca, 
a reduction in the thickness of the tectoria, and a reduction in 
the height and vadtli of the chomata. In some highly developed 
species of Fusvlina^ fillings of dense calcite deposits occur in the 
axial region.. 

All three of these somewhat questionable species have thin 
tectoria, poorly developed ohomata, and septa that are fluted 
throughout the length of the shell. However, the fluting of the 
septa across the central one-half of the shell is low. In most 
of these forms the septa are not brought in contact by the 
fluting in the central part of the shell. Axial fillings are fairly 
well developed in one of them, F. arenaria. Although these 
species resemble Fusulmella somewhat closely in regard to 
septal fluting, they resemble Fusulina in regard to spirothecal 
and chomata development and in that the septa are fluted 
to some degree across the certtrai part of the shell. 

If these upper Desmoinesian fusulinids are in reality de- 
scendant from a species of Fusulinella rather than from a spe- 
cies of Fusulina^ it seems obvious that they have taken a trend in 
evolution similar to that (taken by the genus Fusulina. It 
should be pointed out that the ancestral form of the Missourian 
genus Triticites is not known. It is pofssibile that these upper 
Desmoinesian species of Fusulma ? are ancestral to Triticites. 

All three of these species are exceedingly abundant in thin 
widespread zones in upper Desmoinesian rocks of the Mid-Con- 
tinent region. They occur in sandsltones or arenaceous lime- 
stones and are seldom found in pure limestones. Further study, 
liowever, may demonstrate that this lithologic association is not 
characteristic of the group. F. arenaria occurs in slightly cal- 
careous sandstone in the upper part of the Boggy formation, 
and the type specimens are concentrated in elongated zones 
that seem to ibe troughs of ripple marks. Ailithough highly 
developed species of typical Fusulvna occur stratigraphically 
near these forms, they are seldom found in direct association 
with them. A few specimens of a highly developed species of 
Fusulina (Plate 2, Fig. 10) is associated wditli F.^ vnconspicua 
in the Wewoka foimation, but no typical species of Fusulvna 
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has been found directly asisociated with the other two forms 
described below. 

For a more detailed comparison of these three questionable 
species of Fusidvna with the type species of the genera Fusu~ 
Ihia and Fusvlinella^ I am illustrating and giving below detailed 
descriptions of topotype specimens of the genotypes of both 
Fusulma (Plate 1, Figs. 12-14!) and FusvXinella (Plate 1, 
Fig. 15). 

Description of topotype specimens of Fusulma cylmdrica 
Fischer-de-Waldheim: — Shell small, elongate subcylindrical, 
straight to slightly curving ; with essentially straight to broadly 
arcuate axis of coiling, horizontal to slightly sloping lateral 
slopes, and bluntly pointed to rounded poles. Mature specimens 
of about five volutions measure 5.5 to 6.0 mm in length and 
1.3 to 1.6 mm. in width, giring a forai ratio of 1 ' 3.6 to 1 * 4.8. 
The general development of the shell of this species varies con- 
siderably among dilferent -specimens. In some, the shell retains 
essentially the same shape throughout growth. In others, as 
maturity is approached, the shell becomes broadly curved, the 
poles are greatly extended, and the form ratio of outer volutions 
becomes small. The latter type is -similar to the illustrated 
axial section. The form ratios of the first to the fifth volution 
of the illustrated axial section are 1:23, 1 : 3.1, 1 • 5 0, 1 : 5.4, 
and 1 : 4,8, respectively. The form ratios of the first to the 
fourth volution of another topotype specimen are 1 : 2.2, 1 : 2.6, 
1 : 3.0, and 1 : 3.6, respectively. 

The spirotheca is composed of a tectum, a relatively thick 
diaphanotheca, and thin upper and lower tectoria. The upper 
tectorium is not recognizable in all parts of the inner volutions, 
Dunbar and Henbest (4) recognized fine alveoli or pores m the 
spirotheca of topotype -specimens of this species, and what 
appears to be alveoli or pores are poorly developed in the 
fifth volution of the illustrated sagittal section. The thicknesses 
of the spirotheca in the first to the fifth volution of the illus- 
trated sagittal section measure 13.6, 20.4, 17.0, 20.4, and 
23.8 microns, respectively. 

The proloculum is spherical to slightly irregular in shape, 
and its outside diameter measures about 200 to 250 microns. 
The shell expands gradually, and the heights of the first to the 
fifth volution immediately over the tunnel in the illustrated 
sagittal section measure 75, 102, 129, 143, and 150 microns, 
respectively. Poleward from the tunnel, the heights of the 
chambers increase gradually. 
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The septa are thin. They are composed of the downward 
deflection of the tectum and diaphanotheca oi the spirotheca of 
the preceding chamiber and anterior clear layer that is continu- 
ous with the diaphanotheca of the spirotheca of the follo^A’ing 
chamber. However, this anterior clear layer decreases in tliick- 
ness doivnward from the top of the septa. Thin and discon- 
tinuous layers of tectoria partly cover the septa in the inner 
volutions. Poleward from the tunnel, the septa decrease in 
thickness. The septa are fluted throughout the length of the 
shell. In the polar one-ithird of the shell, the fluting extends 
completely to the tops of the chambers, and there the adjacent 
septa ai*e brought in contact by the fluting for more than one- 
half the heights of the chambers. Immediately over the tunnel, 
however, the fluting of the septa forms closed chaniberlets for 
only about one-half the heights of the chambers. 

The tunnel is essentially straight. In the fourth volution of 
mature specimens, the tunnel is slightly more than one-half as 
high as the chamlbers. The tunnel angle is relatively large, 
and in the second, third, and four'th volutions of the figured 
axial section it measures 40, 47, and 45 degrees, respectively. 
Narrow and irregular chomata are developed throughout the 
shell. Dark-caIoi*ed deposits essentially fill the chamibers in the 
extreme polar regions of the second to the fourth volution. 

Fusidma cylmdrica is believed to be biologically a highly 
developed species o-f the genus. It has an unusually thick 
diaphanotheca, its septa are more highly fluted than in many 
of the species of Fvisvlma^ its tectoria are thinner than in many 
species of tliis genus, its chomata are more poorly developed 
than in many species of the genus, and it has more dense 
deposits in the axial regions than in most species of the genus. 
The shell development of F. cylindrlca is closely similar to that 
of upper Desmoinesian American species, such as F. eximia 
Thompson and F. lonsdalensis Dunbar and Heiibestt. These 
two species are stratigraphically among the youngest knoivn 
American representatives of the genus Fusvlkm, and they are 
believed to be biologically among the most highly developed 
species of the genus in America. 

Description of topotype specimens of Fmulinella bocki 
MoUer : — Shell minuite, short, inflated fusiform; with bluntly 
pointed poles, steep convex lateral slopes, and essentially 
straight axils of coiling. The extreme polar region of the fifth 
and sixth volutions is slightly extended, and the lateral slopes 
near the poles tend to become slightly concave. The illustrated 
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axial section originally contained at least six volutions, but 
the outer part of the last volution was partly destroyed during 
fossilization. The remaining five volultions measure about 2.2 
mm. in axial length and 1.25 mm. in width ; giving a form ratio 
of about 1 : 1.8. The inner three volutions are ellipsoidal in 
shape, with broadly rounded poles. In the fourth and fifth 
volutions the poO.es become slightly extended and more narrowiy 
rounded. The form ratios of the first to the fifth volution of 
the illustrated axial section are about 1.1.4, 1:1.7, 1*1.6, 
1 : 1.6, and 1 : 1.7, respectively. As is obvious from these figures, 
the shell retains essentially the same shape throughout growth 
of the individual. 

The spirotheca is composed of a thin tectum, a thin diaph- 
anotheca, and relatively thick upper and lower tectoria. The 
diaphanotheca is not clearly recognizable in the inner two volu- 
tions, but it can be observed with ease in the outer volutions. 
Boith upper and lower tectoria are recognizable throughout all 
parts of the shell in the specimen I am studying. However, the 
chomata are so heavy and broad that the upper tectoria can 
not be differentiated in most parts of the specimen. The thick- 
nesses of the combined tectum and diaphanotheca in the third 
and fourth volutions of the illustrated axial section are 8.5 
and 10.2 microns, respectively. The thicknesses of all four 
layers of the spirotheca immediately over the tunnel in the 
second to the fifth volution of this specimen are about 30, 44, 
60, and 62 microns, respectively. 


EXPLANATION OF PLATE 1. 

All illustrations on this plate are unretouched photographs 

Figs. l-4<, Fmulina? arenarta Thompson, n sp. 1, Axial section of 
the holotype, xlO; 2-4 axial sections of paratypes, xlO; 6, 7, tangential 
sections of paratypes, xlO; 8, enlarged portion of the sagittal section of 
Fig 11 that shows the structure of the spirotheca, xlOO; and 9-11, sagittal 
sections of paratypes, xlO. Upper Boggy formation, Oklahoma. 

Fig. S. Fusulina? rickerensis Thompson, n. sp Axial section of a para- 
type, xlO. 

Figs 12-14. Fusulina cylindrica Fisdier-de-Waldheim. 12, Axial section 
of a topotype, x20j 13, sagittal section of a topotype, x20; and 14, enlarged 
portion of the outer two volutions of the illustrated sagittal section of Fig. 
13 that shows the thick “porous” diaphanotheca, tectum, thm discontinuous 
upper and lower tectoria, and the structure of the septa, xlOO. Mjatsch- 
kowo limestone, Mjatschkowo, Russia. State Univ., Iowa, No. 1617. 

Fig. 15 FiisuUnella bocki Moller. Axial section of a topotype specimen 
that show's the four layers of the spirotheca and the massive chomata, x40 
Kresty, Government of Tver, Russia Stanford Univ. Paleo Type Coll. 
No 5954. 
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The proloculum is minute in size and spherical in shape. Its 
outside diameter measures about 112 microns. The shell 
expands uniformly, and the heights of the chambers immedi- 
ately over the tunnel in the first to the fifth volution measure 
about 44, 78, 119, 165, and 222 microns, respectively. 

The septa are only slightly fluted in the polar regions, but 
they seem to be unfluted in the central part of the shell 

The tunnel is narrow, relatively high, and essentially straight. 
The tunnel angles of the second to the fifth volutions measure 
about 22, 18, 18, and 24 degrees, respectively. Tlie chomata 
are high and broad. The tunnel side of the chomata is essen- 
tially vertical but the poleward ^lope is low, and the chomata 
extend more than half the distance to the poles in the inner four 
volutions of specimens of six volutions. In the fifth volution, 
the chomata are high and symmetrical and are about twice as 
broad as high. 

The weak fluting of the septa, massive and broad chomata, 
and general shape of the shell of Fmulinella hocJei are more 
closely similar to FmuUneUa fttsi Thompson from the lower 
part of the Derryan Atoka formation of Oklahoma than to any 
other described American species. However, F. bocJei obviously 
is more highly developed biologically than F. jittsi. F. hochi 
has a well defined diaphanotheea, but such is not observable in 
F, fittsi. Several undescribed species of Fustdmella from the 
Derr3’'an of New Mexico, however, show a biological develop- 
ment very closely similar to that of F. bocJei. 


EXPLANATION OF PLATE 2 

All illustrations on this plate are unretouched photographs. 

Figs, 1-9. Fv^itiina^ incompicxta Girty. 1, Enlarged portion of an axial 
section that shows the structure of the spirotheca, xlOO; 2, 3, tangential 
sections, x20, 4r6, axial sections, xlO, 7, sagittal section x20, 8, axial sec- 
tion, x20, and 9, sagittal section, xlO Lower part Wewoka formation, 
Oklahoma 

Fig 10. FmnUiia sp. Typical species of the genus associated with the 
above illustrated specimens of Fusvlina^ viconspwua Girty. Lower part 
Wewoka formation, Oklahoma 

Figs. 11-18. Fusiihm^ rw'k&rensia Thompson, n. sp. 11-13, Axial sections 
of paratypes, xlO; l-i, axial section of a paratype, x20; 15, axial section of 
the holotype, x20; 16, tangential section of a paratype that shows the 
nature of the septal fluting, xlO; 17, sagittal sertion of a paratype, x20; 
and IS, enlarged portion of the same specimen as Fig 17 that shows the 
structure of the spirotheca, xlOO. Ridter limestone, Ricker, Texas. 

Am Jomi Sci — ^Voi 243, No. 8, Attgust, 1945 
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By comparison of the above descriptions and the accom- 
panying' illustrations of topotype specimens of the geno-types 
O'f FicsuUna and FusuUnella with the illustrations and descrip- 
tions of the three species described ibelow, F.? mcompicua, F.? 
arenariaj and F.? richerensis, it seems logical to refer these 
species to the genus FusvJina rather than to FustdinsUa. It is 
realized, however, that they are not “typical” of the genus 
Fusulkia. Bor instance, their septa are not nearly as highly 
or intensely fluted as are those of Fusulma cylwdrica. On the 
other hand, their septa are much more intensely fluted than are 
those of Fusvlin^lla hocJei. Also, their chomata are not as well 
developed, their shells have different shapes, and their tunnels 
expand much more rapidly than do those of F. hocki. 

Thanks are extended to Dr. A. K. Miller and Dr. Myra 
Keen for the loan of specimens; to Mr. E. N K. Waenng 
for collections; and to Dr. C. O Dunbar for criticizing the 
manuscript. 

FUSULINA.? INCONSPICUA Girty 

Plate 2, Figs 1-9 

Pmvima meonspicm, Girty, 191h New York Acad. Sci Annals, 21, 120, 

121 — Girty, 2915, U. S. Geol Survey, Bull. 644, 16, 16, pi. 1, figs. 1-8. 

Girty*s original types of this species w^ere obtained from a 
thin zone near the base of the Wewoka formation in the south- 
west comer of sec. 32, T. 5 N , R. 8 E., Colgate quadrangle, 
Oklahoma. The accompanying illustrations and description 
are based on specimens collected from a calcareous sandstone 
in the lower part of the Wewoka formation near tlie center of 
the NEi^ NEi^ sec. 6, T. 3 N., R. 7 E., Oklahoma. 

Shell small, elongate, cylindrical and subcylindrical at 
maturity, with straight axis of coiling and bluntly pointed to 
rounded poles. Four mature specimens contain six volutions 
and they each measure about 1.1 mm. in width and 4.1 mm. in 
length, giving a form ratio of 1:3.6. The poles of the inner 
three volutions are sharply pointed, but the poles of the outer 
volutions gradually become more broadly rounded. The aver- 
age fonn ratios of the first to the sixth volution of two speci- 
mens are 1:1.4, 1:1.7, 1:2.8, 1:3.5, 1:3.7, and 1:3.6, 
respectively. 

The proloculum is minute in size, and its outside diameter 
measures 75 to 116 microns in nine specimens, averaging 95 
microns. The heights of the first to the sixth volution of four 
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specimens are 32 to 50, 43 to 71, 61 to 100, 89 to 107, 107 to 
132, and 143 to 150 microns, respectively. The average 
heights of the first to the sixth volution of these same specimens 
are 39, 56, 77, 97, 119, and 145 microns, respectively. 

The spirotheca is thin, and it is composed of a tectum, a 
diaphanotheca, and upper and lower tectoria. The thicknesses 
of the spirotheca in the third to the sixth volution of four 
specimens measure 14, 18 to 19, 20 to 25, and 25 to 36 microns, 
respectively; averaging 14, 18, 23, and 30 microns, respectively. 
The averages of the septal count of the first to the sixth volu- 
tion of several specimens give 7, 10, 13, 18, 20, and 24. The 
septa are narrowly and highly fluted in the extreme polar 
regions, but across the middle part of the shell 'the septa are 
very broadly wavy and the fluting is confined to the lower 
portion of the septa. 

The tunnel is low and broad, and its path is only slightly 
irregular. The averages of several measurements for the tunnel 
angle give 27 degrees in the third volution, 40 degrees in the 
fourth volution, 50 degrees in the fifth volution, and 65 degrees 
in tlie sixth volution. Chomata are developed throughout the 
shell Tliey average about one-third the height of the cham- 
bers, and they are slightly wider than high. 

Discussion. — Tliis species resembles somew’hat closely FJ 
riekereusis and F..^ arenaria. It differs from the former species 
especially in that it has a smaller form ratio at maturity, it is 
larger m size, and it has a different general shell outline. It 
differs from the latter species especially in that its form ratio 
is larger, it is larger at maturity, and it has a different shell 
shape at maturity. 

Dr. C. O. Dunbar has examined Girty’s t 3 rpe specimens and 
assures me they are conspecific -with the specimens I am 
studying. 

Occurrence — Girty’s types came from near the base of the 
Wewoka formation in sec. 32, T. 5 N., R. 8 E., Oklahoma. The 
specimens on which the above description and accompanying 
illustrations are based came from the lower part of the Wewoka 
formation near the center of the NE14 NEl /4 sec. 6. T. 3 N., 
R. 7 E., Oklahoma, where they are associated with a highly 
developed species of the genus Fusulina (Plate 2, Fig. 10). 

Tppes — Girty’s tj'pe specimens presumably are deposited in 
the U. S. National Museum. The illustrated specimens of this 
report are depo-^ited at the University of Kansas. 
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FUSULINA? RICKERENSIS Tlionipson, n. sp. 

Plate Ij Fig. 5; Plate 2, Figs 11-18. 

Shell small, sub-cylindrical to ellipsoidal in shape; with 
straight axis of coiling, and rounded to very bluntly pointed 
poles. The inner three volutions have sharpily pointed poles, 
but the poles become more broadly rounded in the outer volu- 
tions. Mature specimens of six to seven volutions measure 1.0 
to 1.6 mm. in width and 2.9 to 3 5 mm. in length. The form 
ratio of mature specimens is 1 : 2.4! to 1 : 2.8, averaging 1 : 2.6 
for five typical specimens. The forai ratios of the first to the 
fifth volution of five specimens are 1:1.2 to I'l.S, 1:1.6 to 
1:2.8, 1-2.0 to 1:2.8, 1-2.3 to 1:2.9, and 1-25 to 1:2.9; 
averaging 1 : 1.5, 1 : 2.2, 1 : 2.6, 1 : 2.7, and 1 : 2.7, respectively. 

The proloculum is minute, and its outside diameter measures 
83 to 116 microns, averaging about 95 micron® for seven speci- 
mens. The heights of the first to the sixth volution of seven 
typical specimens measure 32 to 36, 36 to 50, 50 to 86, 79 to 
114, 107 to 157, and 136 to 196 microns, respectively; averag- 
ing 34, 44, 68, 96, 130, and 181 microns, respectively. The 
outermost volution of one specimen of seven volutions is 193 
microns in height. As shown by these figures, the shell expands 
at an essentially uniform raJte. 

The spirotheca is composed of a tectum, a daaphanotheca, 
and upper and lower tectoria. The lower tectorium is thin and 
of essentially uniform thickness, but the upper tectorium varies 
considerably in thickness in different parts of the shell. There- 
fore, detailed measurements of the thickness of the spirotheca 
of any one specimen could be considered only a rough approxi- 
mation of the species. The averages of the thicknesses of the 
spirotheca, measured over the tunnel, of the third to the sixth 
volution of seven typical specimens are 13, 19, 30, and 35 
microns, respectively. 

The septa of this species are highly fluted only in the extreme 
polar regions. Near the middle part of the shell the septa are 
straight to broadly wavy. However, the basal part of the 
Supta are very broadly fluted even immediately over the tunnel 
of the outer volution of mature specimens. The septal counts 
of the first to the six volution of three specimens are 7 to 8, 8 
to 10, 10 to 12, 11 to 14, 15 to 17, and 21, respectively; aver- 
aging 8, 9, 11, 13, 16, and 21, respectively. 

The tunnel is low and broad. The tunnel angles in the tliird, 
fourth, fifth, and sixth volutions of five typical specimens meas- 
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ure 29 to 38, 27 to 42, 32 to 45, and 32 to 55 degrees, respec- 
tively; averaging 33, 36, 40, and 46 degrees, respectively. 
Chomata are well de%’eloped throughout the shell, and they are 
of essentially uniform shape and size throughout the shell. As 
can be seen in the accompanying illustrations, the chomata are 
about one-half as high as the chambers and they are slightly 
broader than high. 

Discussion. — rickerensis is more closely similar to F ® 
htconspicua and F.? arenaria than to any other described 
species, but it is smaller at maturity, has a larger form ratio 
at maturity, and has a different shell type at maturity than 
eitiier of these species. 

Occurrence . — ^The type specimens on which the above descrip- 
tion is based were obtained from the highly arenaceous lime- 
stone near the depot at Richer, Brown County, Texas. This 
limestone is commonly known as the “Ricker limestone” and 
occurs immediately below the Ricker conglomeratic sandstone ; 
that is, in the lower part of Drake’s (7) Ricker bed. 


FUSULINA'* ARENARIA Thompson, n. sp. 

Plate 1, Figs 1-4, 6-11 

Shell small, elongate, cylindrical to sub-cylindrical in shape ; 
witli broadly rounded poles and straight to broadly cumiig 
axis of coiling. Mature specimens of seven to eight volutions 
measure 5.5 to 7.3 mm. in length and 1.5 to 1.8 mm. in width. 
The form ratio of mature specimens is 1 : 3.7 to 1 : 4.9, averag- 
ing 1 : 4.1 for five typical specimens. The poles of the inner five 
volutions are sharply pointed but beyond the fifth volution the 
poles gradually become rounded, and at maturity the poles are 
very broadly rounded. The form ratio decreases with gro^vth 
of the shell. For five typical mature specimens the foimi ratios 
of the first, second, third, fifth, and seventh volutions average 
1 : 1.8, 1 : 3.1, 1 : 3.6, 1 : 4.4, and 1 : 4.1, respectively. 

The proloculum is minute, and its outside diameter measures 
91 to 142 microns, averaging about 125 microns for nine typi- 
cal specimens. The heights of the firsJt to the eighth volution 
of eight typical specimens measure 39 to 47, 43 to 71, 57 to 
94, 79 to 121, 107 to 150, 121 to 164, 154 to 179, and 143 
microns, respectively; averaging 44, 56, 73, 99, 124, 145, 164, 
and 143 microns, respectively. As is indicated by these figures, 
the shell is tightlj’' coiled and expands uniformly. 
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The spirotheca is exceedingly thin; it is composed of four 
lay^ers, a tectum, a diaphanotheca, and upper and lower tectoria. 
However, the lower tectorium is extremely thin throughout the 
shell. The average thicknesses of the spirotheca, measured 
along the line of the tunnel, in the third to the eighth volution of 
eight typical specimens are 14, 21, 20, 26, 27, and 21 microns, 
respectively. The tectoria of the spirotheca vary markedly in 
thickess in different specimens and in different parts of the 
same volution of the same specimen. Therefore, the above 
figures have little significance other than to indicate that the 
spirotheca is thin and that it decreases in thickness in the outer 
one or two volutions of mature specimens. The diaphanotheca 
increases in thickness slightly in the outer three volutions, but 
the tectoria decreases in thickness in that part of the shell. 

The septa are thin. The septal counts in the first to the 
seventh volution of three typical specimens give 7 to 8, 11 to 
12, 12 to 16, 16 to 19, 18 to 22, 22 to 27, and 29, respectively; 
averaging 8, 12, 14, 17, 20, 24, and 29, respectively The septa 
are narrowly fluted in the extreme polar regions, and there the 
fluting forms chamiberlets near the base of the chambers. 
Toward the tunnel the septa become very broadly fluted, and in 
the central two-thirds to one-half of the shell the fluting does 
not bring adjacent septa in contact. Immediately over the 
tunnel the septa are broadly wavy. 

The tunnel is low and wide. The tunnel angle is large. The 
tunnel angles in the third to the eighth vdlution of six specimens 
measure 22 to 43, 41 to 63, 43 to 62, 43 to 66, 45 to 70, and 83 
degrees, respectively; averaging 35, 47, 64, 54, 56, and 83 de- 
grees, respectively, Chomata are well developed throughout the 
shell, and they are about two and one-half times as wide as high. 
The chomata are very steep to overhanging adjacent to the 
tunnel, and they are about one-half as high as the chambers. 
Axial fillings are developed in the second to the seventh volu- 
tions, but are best developed in the fourth volution of speci- 
mens of eight volutions. 

Discussion , — ^This species is larger at maturity, has a smaller 
form ratio at maturity, and has a different shell shape at 
maturity than F.? rickerensis or F.? inconspictba. 

Occurrence . — ^This species is extremely abundant in the upper 
part of the Boggy formatuon in a highly calcareous fusulinid- 
bearing sandstone a;bout 20 feet above the “Campophyllum” 
limestone. The specimens are concentrated in what seem to be 
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troughs of ripple marks in the sandstone. I have collections 
from Mayer Ranch, near the center o-f sec. 7, T. 3 N., R. 8 E., 
Pontotoc County, Oklahoma, and at the same horizon in the 
center of sec. 12, T. 3 N., R. 7 E., Pontotoc County, Oklahoma. 
The above specific description and all of the accompanying 
illustrations are based on specimens from the latter locality. 
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MAGMATIC DIFFERENTIATION IN 
GABBRO SELLS NEAR ASHLAND, 
OREGON. 

RICHABX) MERRIAM. 

ABSTRACT Two gabbro sills with dioritic facies» intruding the Eocene 
Umpqua sediments near Ashland, Oregon, show progressive changes of 
mineral composition, texture, and density in vertical sections A relative 
concentration of heavy, early formed minerals in the lower part and of 
light minerals of hydrothermal origin, pegmatitic scblieren, and vugs in 
the upper part are taken as evidence that after emplacement differentia- 
tion occurred by crystal settlmg and possibly by volatile transfer. 

INTRODUCTION. 

T he rocks described in this paper lie in the northern part 
of sec. 11, T 39 S, B, 7 W Willamette Base and Meridian, 
Jackson County, Oregon. The area is traversed by Walker 
Creek, a tributary of Bear Creek. The latter flows northwest 
through the Ashland-Medford valley and is a tributary of the 
Rogue River. The rocks under consideration crop out on the 
northwest slope of the valley albout three miles east of the 
town of Ashland. 

The writer wishes to thank Dr, Gordon A. Macdonald of the 
U. S. Geological Survey and Prof. A. O. Woodford of Pomona 
College for reading and criticizing the manuscript of this paper. 

REGIONAL GEOLOGY. 

The geology of the Asliland-Medford valley has been mapped 
and described by F. G. Wells.^ It is essentially a strike valley 
eroded in soft sediments striking northwest and dipping north- 
east about 20“. The Siskiyou Mountains bordering the valley - 
on the southwest are composed of Mesozoic intrusives and older 
metamorphosed sedimentary and volcanic rocks. Cretaceous 
Chico sandstone and conglomerate lie in an irregular band along 
the southwest margin of the valley. Overl3ring these beds are 
the soft sediments of the Eocene Umpqua formation which com- 
pose the floor of most of the Ashland valley. The formation 
i.s chiefly composed of sandstone, but shale and conglomerate 
predominate locally. 

The eastern boundary of the Umpqua beds follows along the 
foothills of the Cascade Mountains, which form the northeast 
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side of tile valley. The mountains are made up largely of the 
Western Cascade lavas, although pyroclastic rocks predomi- 
nate at the base and are interbedded with upper Umpqua sedi- 
ments. All strike northwest and dip northeast about 20'*. The 
volcanic rocks of the Western Cascades range in age from 
Eocene to Miocene. 

A large number of stocks, sills, and dikes mostly of dioritic 
composition intrude the Umpqua and lower Cascade rocks. 
The remainder of this report is cMefly concerned with the 
description of two of these intrusions. Similar intrusions have 
been described by Wells and Waters.^ 



1. Location map of Northern California and Southern Oregon. 


LOCAL GEOLOGY. 

The area shown in Fig. 2 consists of a series of Umpqua 
sediments which have the usual regional attitude. They are 
intruded by two sill-like bodies of gabbroic and dioritic com- 
position. The sediments are dominantly medium grained, well- 
bedded sandstone with local conglomerate lenses. A thick 
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2, Geologic map and section of small area three miles east of Ashland, 
Oregon. 
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massive bed of rhyolite tuff represents the lower Cascade vol- 
canic rocks. 

Each sill has approximately the same average thickness, 140 
feet. Both appear to be entirely concordant intrusions with 
sharp contacts against the sediments. They are truncated to 
the east by a vertical transverse fault. Indirect evidence sug- 
gests a similar termination to the northwest, although exposures 
in this area are poor and it may be that the intrusions merely 
taper off and thus have a laccolithic fonn. However, in the 
absence of sufficient evidence the term “sill” will be used in the 
follovnng discussion. 


PETaOGBAPHY. 

Ah places the sills appear to be uniform in texture from top 
to bottom, excepting narrow chilled borders which are finer 
grained. The texture of the main part of the sills in such sec- 
tions is medium hypauto-morphic granular, the composition 
gabbroic. 

Elsewhere vertical sections show a systematic variation in 
texture and composition. At the base of such a section is a 
chilled zone one to three feet thick, which is composed of a 
dense, gray porphyritic rock of basaltic to- andesitic composi- 
tion. Phenocrysts of augite, hypersthene, and plagioclase 
(•^^eo) 'S-re set in a holocrystalline groundmass of plagioclase 
laths (An 45 ), augite granules, and iron ore. The plagioclase 
phenocrysts amount to nearly one-fourth of the rock. 

Directly above the chilled zone and separated from it by a 
short zone of transition is a zone of dark gray gabbro with 
medium hypautomorphic granular texture. Its chief minerals 
are plagioclase and augite. Minor constituents are chlorite, 
hypersthene, and iron ore. The plagioclase is fairly fresh. 
Most of that which is more than 25 feet above the base is 
zoned with core of Augo and rims which decrease in anorthite 
content with increasing height aJbove the base. The range in 
the rims is from An 4 g to Angg. 

About 50 to 75 feet above the base of the sill the gabbroic 
zone gives way to a rock of dioritic composition by a gradual 
decrease in the ratio of femic to salic minerals and accompany- 
ing textural changes. The dioritic phase of the sills is light 
gray and in most places slightly coarser in grain than the 
gabbroic phase. The former is characterized in the hand 
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specimen 'by the prismatic habit of the chief minerals, feldspar 
and hornblende. Fine-grained specimens have a true diabasic 
texture, whereas coarse facies of the rock are nearly pegma- 
titic and have hornblende pnsms 1 to 2 cm. in length. Such 
coarse-grained facies occur in irregular scihheren suggestive 
of auto-injection. The central part of these areas may be 
nearly or entirely devoid of dark minerals. Similar pegmatitic 
schlieren have been noted in other differentiated intrusives. 
Walker^ has described such features, which he explains as the 
result of local concentration of volatiles squeezed out by 
crystallization. 

Textural features seen under the microscope are equally dis- 
tinctive. Micropegmatite is present in all thin sections of the 
upper zone and in some slides it amounts to more than 20 per 
cent by volume. It consists of the usual regular intergrowth of 
quartz and feldspar. The feldspar has been almost entirely 
altered to a fine aggregate of cloudy, isotropic material, 
probably zeolites. It is impossible to determine the original 
composition of the feldspar. A few unaltered remnants were 
found to have a refractive index below that of quartz, suggest- 
ing orthoclase or sodic plagioclase. 

Mineralogically rocks of the dioritic zone are comparatively 
poor in ferromagnesian minerals and rich in feldspar and 
quartz. The feldspars show moderate to strong deuteric altera- 
tion to saussurite and zeolites. They are zoned with cores of 
Augo and rims of Augg to An 4 e. The core and rim are sepa- 
rated by a transition zone having a gradual change in extinc- 
tion angle. 

Thin sections through vugs from the dioritic zone show that 
these spaces are lined with euhedral quartz followed by stil- 
hdte, and rarely chabazite, with calcite in the center. Wisps 
and rosettes of moderately birefringent chlorite occur in the 
calcite as though formed by replacement. The quartz has been 
slightly replaced by stilbite and calcite. Calcite has replaced 
stilbite and plagioclase to a limited extent. Quartz and apatite 
are common minerals of this zone but are absent or rare in 
the lower zone. 

A fine-grained porphyntic border one to three feet thick is 
found at the top of the section. It is identical petrographically 
with the basal chilled zone. A small sill of similar composition 
three feet thick is exposed at one place a few feet above the 
upper sill. 
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Rack directly in contact with the intrusives was seen at only 
one place, i.e., above the upper sill. The rock, a fine-grained 
sandstone, is unaffected except for a one or two cm. zone that 
has been indurated slightly more than the remainder of the 
sandstone. 

Several small, nearly vertical, lamprophyric dikes cut the 
upper sill. They range from a few inches to ten feet in thick- 
ness. None w^ere found cutting the sediments. 



3. Density variation in the upper sill 


Table I and Fig. 3 show the systematic variation of petro- 
graphic properties and density in a typical vertiical section of 
the upper sill. Some sections of the lower sill are essentially 
the same. 

One of the most significant and marked variations is that of 
density. The top and botitom zones are the same, 2 76, but the 
lower, ga'bbroic part rises to 2.84 and the upper, diontic part 
drops to 2.55. 
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The indneralogical composition which, of course, determines 
tire density of the rocks, shows an equally systematic change 
from top to bottom. The most important of the mineralogical 

Table I. 


Bosiwal Analyses of Rocks of the Upper Sill 
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The base of the sill is not exposed m this section but where seen else- 
where it is similar to the rock described in this column 

“ Groundmass makes up 74% of this rock. 

* Mostly feldspars altered to zeolites, saussurite, etc. 

* R-rarej C-common. 

variations is the ratio of femic-to salic minerals. The dioritic 
zone is distinctly low in augite, whereas samples of the lower, 
heavier zone contain up to 30 per cent of this mineral. This 
variation is reflected in the color of the rocks, there being a 
complete gradation from the dark gray gabbro to the light- 
gray diorite. 

The plagioclase not only varies in the amount present hut 
also in its composition. The plagioclase of the lower 40 feet 
and the phenocrysts of the (Shilled borders are fairly fresh, 
unzoned labradorite (Ango). Higher in the sill the plagioclase 
is zoned. Excepting the uppermost 10 feet, the albite content 
is a direct function of its height above the hase. 

The dioritic zone is marked by the presence of hornblende 
instead of the angite and hypersfthene of the lower zone. Most 
of the hornblende is primary but some has been formed by the 
uraHzation of pyroxenes. 
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Quart 2 and zeolites, mainly stilbite, are important minerals 
of the dioritic zone which are either rare or absent elsewhei’e 
in the sills. Chlorite and apatite are common in the upper 
part of the sills. 

The hypautomorphic granular texture of the lower part 
charactenzed by the more or less equant devdopment of the 
minerals, gives way in the upper zone to a texture dominated 
bj" the prismatic habit of horid>lende and plagioclase. Even 
greater differences are apparent in thin sections which reveal 
the abundance of micropegmatite in the upper parts of the sills. 

oaionr. 

Hypotheses as to the origin of intrusive bodies exhibiting sys- 
tematic vanations such as those just described fall into three 
groups; (1) assamilaltion of wall rock by the intrusive; (2) 
separate intrusions of different composition; (3) differentiation 
in place of a magma that was homogeneous when emplaced. 

Reyno'lds^ suggests that the Shonkin Sag laccolith, Montana, 
is the result of assimilation. 

Evidence that assimilation played a part in the formation 
of the Ashland sills is entirely lacking. Had it been important 
there should be at least some partly digested inclusions. The 
contacts between the sills and the sediments would probably not 
be as sharp and straight and the chilled borders would be absent. 
Thin sections fail to reveal evidence of assimilation in the form 
of minerals or textures of non-igneous origin. 

Barksdale® contends that the Shonkin Sag laccolith was 
formed by separate intrusions of different composition. The 
most important criterion for this hypothesis is the nature of 
the contacts between different phases of the intrusive, sharp 
contacts being indicative of separate intrusions. The entire 
absence of any such demarcations in the Ashland sills and the 
completely continuous and gradational character of changes in 
the mineral composition, textuie, color, and density seem to 
preclude the applicability of this hypothesis to the case at hand. 

Differentiation in place is accomplished by the differential 
movement of two or more components of a miagma. Thus by the 
sinking of lieavy, early formed minerals and/or the floating of 
light crystals a solid phase may be removed from a liquid phase. 
Instead of a solid-liquid separation a gaseous phase may be 
separated or, if liquid immisciibility is accepted, the separation 
of two or more liquids may occur. 
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Table II. 

Sequence of Mineral Farmation in Ashland Sills. 



Magmatic 

Pneumatolytic 

Hydrothermal 






Hypersthene 





Augite 





Plagioclase 

Anon 


An,„ 


Quartz 





Hornblende 





Zeolites 





Calcite 






Chlorite 




— 


Laboratory® and field evidence have shown that liquid iramis- 
ci'bihty takes pleice only under certain limited and unusual 
conditions. There is no indication that such action was respon- 
sible for the sills here described. 

Abundant evidence in the Ashland sills indicates differentia- 
tion in place by crystal settling and possibly by gaseous trans- 
fer. These points may 'be summarized as follows: (1) the 
gradual, systematic variation of mineral composition with a 
relative abundance of heavy, early formed minerals in the lower 
part ; (2) the concentration in the upper zone of minerals con- 
taining volatile consitituents, for example • caldite, zeolites, chlo- 
rite, hornblende, and apatite; (4) the occurrence in the upper 
zone of structural and textural features such as vugs and 
raicropegmatite. 

Considering these points it is possible to suggest a sequence 
of events to account for the origin of the sills. The sequence 
may have been as follows: (1) The intrusion of a gas-rich 
homogeneous magma of moderately basic composition. Its com- 
position is probaJbly not accurately recorded by the chilled zone 
due to the removal of volatile constitutents during crystalliza- 
tion. However, phenocrysts of the borders show that the 
magma carried about 20 to 25 per cent labradorite crystals and 
2 to 5 per cent augite and hypersthene. (2) The sinking of the 
pyroxenes and to a lesser extent, of labradorite. (3) Lower- 
ing of temperature and continued crystallization causing the 
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remaining liquid to 'become progressively more rich in alkalies, 
silica, and volatiles, hence precdpitalting sodic rims on the 
plagioclase crystals, hornblende instead of pyroxenes and an 
increasing amount of quartz. (4) The final crystallization of the 
upper zone with the formation in locally gas-rich parts of a 
coarse-grained facies and sporadic vugs. The order of crystal- 
hzataon in the vugs was : quartz, zeolites, calcite, and chlorite. 
One of the latest events was the hydrothermal alteration of the 
feldspars and ferroinagnesian minerals in the upper zone. 

The homogeneous, undifferentiated parts of the sills may 
represent gas-poor phases of the intrusion. The differenti- 
ated parts may have been enriched in volatiles, after emplace- 
ment, by the movement of fugitive constituents along certain 
limited zones in the incompletely crystallized part, A function 
of the volatiles may have Ibeen to increase the fluidity and reduce 
the density of the residual liquid, thus facilitating the gravi- 
tational separation of liquid and crystals. 

A sill of similar origin in Bridgland Township, Ontario, 
was described by R. C. Emmons.'^ It changes progressively 
from pyroxene gabbro at the base to pegmatitic quartz-horn- 
blende diorate at the top. It is explained as the result of the 
rising of residual liquor, containing alkalies and silica through 
the network of early formed crystals with which it reacted to 
change augite to hornblende, made the feldspar more sodic, and 
deposited quartz in the last stage of crystallization. 
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LETTER TO THE EDITOR. 

AMERICAN CONGRESS ON SURVEYING AND MAPPING. 

The American Congress on Surveying and Mapping held its fifth 
Annual Meeting in Washington, 0. C, on June 23, 1945. Com- 
mander Frank S. Borden, of Oie U. S. Coast and Geodetic 
Survey was elected President, Major Richard T. Evans was named 
Secretary-Treasurer, and A. L. Shaiowitz was named Editor of 
“Surveying and Mapping,” the quarterly journal of the Congress. 
The meeting included a panel discussion on “Co-operation Among 
the Technical Organizations,” in which representatives from the 
American Society of Civil Engineers, the American Society of 
Photogrammetry, the American Geophysical Union, and the Amer- 
ican Congress on Surveying and Mapping participated. 

The Congress on Surveying and Mapping was organized in 1941 
for the purpose of advancing the sciences of surveying and mappmg 
and to contribute to public education in the use of maps and to 
encourage the promotion of basic mapping programs. 

A. L. Shalowitz, Editor, 
**Surveying and Mapping/’ 


ERRATA 

“CAXCITRO FISCHERI,” by Alexander Petrunkevitch 
(American Journal of Science, vol. 243, 1945, pp. 320-329) : 
Corrections 

Page 326, first line in last paragraph, for “in the second pen 
base” read *‘in the third pen base.” 

Page 329, line 10, for “The paratype” read “The slide show- 
ing appendages.” The paratype of Ccdcitro fscheti 
belongs to the Natural History Museum of San Diego. 
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SCrENTIFIC INTELLIGENCE 

Chemistry. 

Inorganic Chemistry, Fritz Ephraim, American Photo-reprint 
Edition of the Fourth English Edition; by P. C. L. Thorne and 
E. K. Roberts. Pp. xii, 921 , many figures. New York and Scot- 
land, 191<3 (Nordeman Publishing Co., $8.76) — This revision of 
Ephraim’s well-known work corrects the material to 1943. As the 
English authors point out in their preface the improvements are of 
the nature of substitutions rather than of additions. (Perhaps the 
principal addition is that of a discussion of artificial radioactivity.) 
The book is divided into six parts: I. Elements; II. Halogen Com- 
pounds; III. Oxides of Hydrogen and the Metals; IV. The Com- 
pounds of Sulfur, Sdlenium, and Tellurium; V. The Nitrogen, 
Phosphorus, Arsenic Group; VI, The Elements of the Fourth Group 
(and Boron). The appendices include a collection of diagrams of 
typical crystal lattices with lists of compounds exhibiting these 
structures. The first section contains discussions of fundamental 
material such as atomic structure, the periodic table, and valency. 
It concludes with chapters on the modifications of and preparation 
of the elements. An interesting discussion of colloid chemistrv 
is to be found here. Though the authors make the specific state- 
ment that a complete discussion of colloids cannot be given, it 
seems unfortunate to use, as they do on p. 101, such a term as 
“isoelectric point” with little or no explanation. For a book which 
is certainly most useful as a reference work such incompleteness is, 
however, no doubt permissible. 

In the later sections of the book, as the titles indicate, the 
profitable procedure of discussing large classes of compounds is 
followed. The qualitative character of some of the discussions is 
illustrated by that for the precipitation of zinc sulfide by hydrogen 
sulfide. To illustrate the effect of the ionization of HgS in the 
precipitation of ZnS Ostwald’s data of 1879 are quoted in which 
the initial concentration of zinc sulfate determines the extent of 
precipitation. While such a procedure is interesting, it does not 
give the impression of generality which every freshman chemist is 
supposed to acquire regarding this matter. However, the analytical 
chemist will find much to interest him in this book. For example, 
the section on thiosalts contains a broad hint as to the reasons 
behind the diificulties in precipitating molybdenum sulfide. 

None of the section titles hints that the book concludes with a 
lengthy discussion of intermetallic compounds and hydrides of the 
metals. 

The book manufacture is perhaps as good as can be expected for 
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19414 Though the paper is poor the printing is clear. The book 
should continue to be useful to any whose work borders on inorganic 
chemistry and will certainly supply ample material on which to 
base advanced courses in the subject. h. c. thomas. 

Formaldehyde \ by J. Frederic Walker, Pp. xi, 893; 31 figs. 
New York, 1945 (Reinhold Pub. Corp., $6.60).' — This book consti- 
tutes an excellent addition to this senes of works on specialized 
topics. It contains an abundance of information on the manufac- 
ture, properties, reactions and uses of formaldehyde, and workers m 
such fields will find it an invaluable reference. Those who are con- 
cerned with plastics will also find this book of great utility, since by 
far the biggest use of formaldehyde is in the manufacture of res- 
inous materials. 

The first chapter is devoted to historical, statistical, and produc- 
tion aspects of this important industrial chemical. The next six 
are concerned with physical and thermodynamic properties of the 
gas, the liquid, its solutions, and the pol 3 miers. The next eight 
chapters present the chemical properties and reactions of formalde- 
hyde, classified according to that with which reaction occurs and 
including the behavior with inorgamc agents, hydroxy compounds 
and mercaptans, aldehydes and phenols, acids and esters, amines, 
and hydrocarbons. The next two chapters are concerned with the 
detection and the determination of formaldehyde. In the last three 
chapters attention is turned to hexamethylene tetramine and the 
uses of formaldehyde in chemical manufacture. 

The book is well organized, the subject matter suitably classified, 
and the index adequate. It is regrettable that certain new uses 
developed during the war could not be included, but certainly the 
aspects prior to this period are thoroughly reviewed. 

HARDIlSrO BLISS, 


Geology. 

Marly Man and Pleistocene Stratigraphy in Southern and East- 
ern Asia; by Hallam L. Movius, Jr. Peabody Museum, Harvard 
Univ. Papers, vol. 19, No 3, VI + 113 pp., 47 figs, and 6 tables, 
1944. — Movius’s book is that rarity in geological literature, a first 
class compilation of widely scattered literature. The purpose of 
the book is archaeological, and he has established for the first time 
the existence of an early Paleolithic industry, the chopper, chop- 
ping-tool complex, distinct from -the familiar hand ax industry of 
the classic European sites. To the geologist the successful estab- 
lishment of the idea of a bipartite division of early industrial devel- 
opment is less important than the accompanying summaries of Pleis- 
tocene geological history of various areas in Eastern Asia. 



Geology. 

Here in short compass are brought together the pertinent 
geological results of de Terra’s expeditions to Northwest India and 
Burma; together with the work of his co-workers and predecessors J 
a critical suromarT of the years of efFort in China largely by mem- 
bers of the Cenozoic Laboratory of the Geological Survey of China; 
and the results of the important researches of von Koenigswald 
and other members of the Netherlands Indies Geological Survey in 
Java. 

The Pleistocene history of this farflung area is related in part by 
reason of similar tectonic history, but largely by the integrated 
efFects of the great fluctuations of climate of the Pleistocene. The 
stratigraphic succession and the sequences of geomorphic events 
vary from one of these great regions to another. The sequences of 
vertebrate faunas afFord, however, common time horizons, and, as 
Movius shows, there is a correlation between the related stone 
industries. 

Those who are familiar with the monograph by de Terra and 
Patterson on the Yale Northwest India Expedition (Carnegie Inst. 
Wash. Publ No. 493) or with de Terra and the Movius on Burma 
(Amer. Phil. Soc. Trans. 1943) will find little that is new in the 
discussion of these areas. However, these brief, crisp summaries 
afford a valuable guide to the longer field reports. 

The summary of the Pleistocene geology of Java is invaluable. 
The existing literature is widely scattered and largely preliminary. 
Movius and de Terra were accompanied in the field by von Koenigs- 
wald so that much of his large field experience is here recorded for 
the first time. Further, the war has made Java inaccessible and 
much valuable work on its geology may be permanently lost. The 
Pleistocene of Java began with estuarine and fluviatile beds, con- 
taining a vertebrate fauna of Villafranchian aspect There was a 
gradual emergence of the island from the sea in a general west to 
east direction. The two formations are thought to cover the time 
intervals of the First Glacial and First Interglacial stages. In the 
upper beds an infant skull records the presence of man. The Mid- 
dle Pleistocene (Second Glacial and Second Interglacial) is repre- 
sented by the Kaboeh beds. The lower part of 'these beds con- 
tain the Trmil fauna and flora of Second Glacial age. Here belongs 
Piihecantkropus erectus securely tied to the stratigraphy by von 
Koenigs Wald’s find of four individuals of this race in the basal 
Kaboeh beds at Sangiran The Upper Pleistocene (Third Glacial, 
Third Interglacial and Fourth Glacial) are represented by the Noto- 
poero Beds separated from the underlying Pleistocene by a strong 
unconformity. These beds contain a distinct fauna, two types of 
human remains, and a stone industry which, however, is better 
developed in terrace deposits considered to be of equivalent age 
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The Pleistocene geology o£ Northern China has been intensely 
studied and the large literature has been confusing to students. It 
was recently summarized by de Terra (Institut de Geo-Biologie, 
No. 6, pp, 1-54, Peiping), but on account of the war this paper is 
a rarity in American geological libraries. Movius’s summary covers 
the same ground in very clear fashion. He leans heavily on the 
theory that during glacial epochs the cool dry climate of North 
China extended into South China and conversely m interglacials 
warm climate extended northward almost to Manchuria. Wind- 
blown dust is glacial and limey concretions in the dust are glacial 
or immediately post-glacial. The effect of the warm interglacial 
climate is to produce a reddening of soils including the calcareous 
wind-blown dusts (loess). This “rubification” is a climatic indi- 
cator of the first importance. 

Both de Terra and Movius, following Teilhard de Chardin assign 
Sinanthropus to the Second Interglacial. The Lower Paleolithic 
chopper-chopping tool industry extends from the Second Glacial to 
the end of the Third Glacial. The “upper cave” industry is as- 
signed to the later part of the Fourth Glacial. It will be noted 
that the events of the Fourth Glacial are indistinctly known. The 
Malan loess is, as Thorp (Geol. Survey China) has shown, a highly 
complex deposit. The sequence of geologic events and the pre- 
sumably parallel cultural development of man remain to be worked 
out. From the standpoint of the antiquity of man in America, this 
part of the Pleistocene and its parallel archaeological sequence is 
most important. If, as appears most probable, man came to the 
New World from Eastern Asia in the Second Interstadial of the 
Fourth Glacial (Bryan, 1941, Science, 93, 505-14), the events 
of this stage m North China are of critical importance. It 
is, however, important to realize that the latest stone industry of 
China (upper cave at Choukoutien) is a legitimate descendent of 
the chopper-chopping tool industry of the Middle Pleistocene of 
Southeast Asia. If the American stone industries are derived from 
similar upper Paleolithic industries in Northeast Asia, it is no 
longer surprising that there is so little resemblance between the 
tools of the early Americans and the late Paleolithic peoples of 
Europe. kirk bryan. 

Miscellaneous Scientific Intelligence. 

Japan, a Physical, Cultural and Regional Geography', by Glenn 
Thomas Trewartha. Pp. xv, 607; 281 figs. Madison, Wis., 1946 
(The University of Wisconsin Press, $5.00). — 'It is a real pleasure 
to be able to review a book such as Trewartha’s Japan. The author 
has long been familiar with that country and has studied the litera- 
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ture upon it very extensively. He lias gotten out his book at an 
especially critical time. The book is conventional in 'arrangement^ 
but not in content. The first section is on the physical equipment 
and resources of the country as a "whole. It treats of earth materials 
and surface configuration, climate, natural vegetation, soils, and 
economic minerals. The second section also treats of the' country 
as a whole, dealing this time wiith cultural features mcluding popula- 
tion and culture, settlements and houses, agriculture and fishing, 
manufacturing, and communications and trade. Finally, a third 
section, comprising almost half the book, treats of the regional sub- 
divisions of Japan beginning in the North and proceeding to the 
great “inner zone of southwest Japan.” 

In spite of this highly standardized arrangement, the book con- 
tains a great deal of variety and ingenuity. Excellent maps and 
photographs are used freely and effectively. Statistics occupy a 
prominent position, and on some pages seem somewhat excessive 
to the average reader, but not to the careful student. One of the 
best features of the book from the scholarly standpoint is that so 
many facts are stated in exact numbers. For the benefit of the less 
exacting reader there are also many pages of admirable description. 

One of the most prominent impressions made by the book is the 
extraordinary number of people in comparison with the natural 
resources. The rural people are said to live on the “very cheese 
rind of existence,” and the farms set the standard of living for the 
whole country. Many Americans who read this book will realize as 
never before how fully Japan has become urbanized and indus- 
triahzed, with SO per cent of its people in cities. They will also 
realize how difficult it must be for a nation to move toward high 
standards of living like ours with the help of only a quarter of an 
acre of cultivable land per person and an equally meager supply of 
minerals. 

In so good a book one hesitates to mention flaws. It seems to 
the reviewer, however, that the author does not lay sufficient stress 
upon the inadequacies of the J apanese diet nor upon the advantages 
of the Japanese climate. It is truly said, for example, that the 
Japanese have shown remarkable skill in increasing the yield of 
their crops, but it is not made clear that the high yield of crops 
is due to far the most favorable climate in all Asia as well as to 
human ability. The importance of fishing likewise seems to be 
over-estimated. Twenty per cent of the population are said to be 
“engaged in, or . . . directly or indirectly supported by fishing,” but 
the next page says that only 1,410,000 persons are engaged in that 
occupation. The consumption of fis'h per capita is indeed three or 
four times as great in Japan as in the United States, but “support” 
according to Webster means “to furnish "with means of maintenance 
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. , . to supply food, cloilhing, shelter.” Another statement which 
might be modified is that m 1986 Japan actually exported more food 
products than she imported. This is true if Korea and Formosa are 
counted as parts of Japan. Those two regions ship a great amount 
of rice and sugar for the support of Japan’s urban population. They 
are rigidly excluded from Trewartha’s book, however, not even being 
mentioned in the index. The Japanese, on the contrary, include 
them in many statistics such as those on wthich Trewartha’s state- 
ment is based. Such defects, however, are a minor matter in a book 
which is so timely, so well written, and, in general, so reliable, and 
so warmly to be recommiended. ellsworth huntington. 


PUBLICATIONS RECENTLY RECEIVED 

The Idea of Nature; by R. G Collingwood New York, 1945 (Oxford 
University Press, $400). 

Tennessee Geo-lo^cal Survey. Bulletm 62 Geology and Manganese Depos- 
its of Northeastern Tennessee; by P. B King, H W. Ferguson, et al. 
Nashville, 1944. 

U. S. Geological Survey Bulletins as follows* 936-H Manganese Deposits 
in Costa RiCa; by R. J Roberts Price $.16; 936. Strategic Minerals 
Investigatons, Pt 1, A-1. Short Papers and Preliminary Reports; by 
T. L. Kesler, W. H Monroe, D Gallagher and others; 936-R Manga- 
nese Deposits in the Artillery Mountains Region, Mohave County, Ari- 
zona, by S. G Lasky and B. N Webber. Price $1.26; 937. Bibliography 
of North American Geology, 1929-1939 Pt 1 and Pt 2, by E. M Thom. 
Price $2 50 each, 942. Geological and Geophysicial Survey of Fluorspar 
Areas in Hardin County, Illinois. Pt 1 Geology of the Cave in Rock 
District, by L. W. Currier Pt. 2. An Exploratory Study of Faults in 
the Cave Rock and Rosiclare Districts by the Earth-Res'stivity Method; 
by M K Hubbert. Price $125, 1944 

Frontiers in Chemistry Vol. 3. Advances in Nuclear Chemistry and The- 
oretical Organic Chem.stry; edited by R. E. Burk and 0 Grummitt. 
New York, 1945 (Interscience Pub Inc, $3 50). 

Illinois Geological Survey. Report of Investigations — No, 102 The Bond- 
ing Action of Clays. Pt. 1 — Clays in Green Molding Sands, by R E. 
Grim and F L. Cuthbert. Urbana, 1946. 

U. S Geological Survey: 60 Topographic Maps 

Kansas Geologidal Survey Bulletins as follows: 57 Oil and Gas in 
Eastern Kansas; by J. M. Jewett and G E. Abernathy 68 Stratigraphy 
of the Marmaton Group, Pennsylvania, in Kansas; by J. M Jewett. 
Lawrence, 1945. 

Geologv for Everyman; by the Late Sir Albert Seward New York, 1944 
(The Macmillan Co., $3.25). 



American Journal of Science 

SEPTEMBER 19Ji£ 


ERRATA 

“CONJECTURES REGARDING VOLCANIC HEAT,” by 
L. C. Graton (American Journal of Science, Vol. 24<3-A, 1946, 
pp. 135-259) ; 

Corrections 

p. 137 — Line 2 of footnote, “are” should be “is.” 
p. 146 — ^Line 12, “admitted” should be “emitted.” 
p. 148 — Line 14, “general” should be “generous.” 
p. 193 — Line 24 — ^Before “meters” insert “cubic.” 

p. 214 — 1st line following 2nd formula near middle of page, 
“gas” should be 

p. 230 — ^10 lines from bottom, not counting footnote, “is*’ 
should be “are.” 

p. 231 — ^For tlie sentence beginning on line 4, substitute for 
clarification ; “Indeed, the higher crystallizing 
range of a melt possessing low content of dissolved 
volatiles is probably a consequence, at least in part, 
of the necessity to offset, by higher temperature, 
a viscosity otherwise so high as to impede formation 
of the initial nuclei that are the necessary fore- 
runner of crystallization.** 

p. 251 — ^7th line of footnote, after “and** insert “that.” 

“THE EVOLUTION OP THE HYDROSPHERE,** by 
Alfred C. Lane, (American Journal of Science, Vol. 243-A, 
1945, pp. 393-398) ; 

p. 393 — Line 15, “higher** should be “lower.** 
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. . . to supply food, clothing, shelter.” Another statement which 
might be modified is that in 1936 Japan actually exported more food 
products than she imported This is true if Korea and Formosa are 
counted as parts of Japan. Those two regions ship a great amount 



American Journal of Science 

SEPTEMBER 


NOMENCLATURE OF TRIAS SIC ROCKS IN 
NORTHEASTERN UTAH. 

J. STEWART WILLIAMS. 

ABSTRACT Tracing outcrops from southeastern Idaho through the cen- 
tral Wasatch Mountains and eastward along the Uinta Mountains shows 
that the Higham grit of southeastern Idaho equals the “Ankareh grit” of 
the central Wasatch Mountains and the Shinarump conglomerate of the 
Colorado Plateaus area. The name “Wood shale” is very appropriate 
for those beds above the “Ankareh grit” in the central Wasatch Mountains. 
It is proposed to restrict the name “Ankareh shale” to those red beds 
between the Thaynes limestone and the unconformity below the Higham 
grit. A new name, Red Wash formation, is proposed for the red beds 
at the eastern end of the Uinta Mountains that are equivalent to the 
Woodside, Thaynes and Ankareh (restricted) formations at the west end. 

IlSTTaODtrCTION. 

T^LRING the past field season the writer has had the oppor- 
tunity to visit most of the outcrops of Triassic rocks in a 
belt extending from Mansfield’s area in southeastern Idaho 
(Mansfield, 1927) (6)* southward through the Park City area 
in Utah and eastward along the Uinta Mountains to the Din- 
osaur National Monument near the Colorado State Line (Fig- 
ure 1). 

This study has included sections in the Montpelier area, 
where the Timothy sandstone, Higham grit, Deadman lime- 
stone and Wood shale are recognized. It has covered those 
exposures in the vicinity of Park Gty, where the Woodside 
shale, Thaynes limestone and Ankareh formation were named 
by Boutwell. And it has been earned eastward along the 
south flank of the Uinta Mountains, making possible correla- 
tion of the Triassic rocks of the Utah-Idaho-Wyoming area 

with those of the northern part of the Colorado Plateaus 
area. 


THE “aNKAEEH grit” (hIGHAM GRIt). 

In 1907 when Boutwell divided the Triassic rocks of the 

* Numbers m parentheses refer to the literature cited 

Am Jotm. Scr-VoL 243, No. 9, Seftembeh, 1945. 
o*# 
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Park City district, he recognized the Woodside shale, the 
Thaynes limestone and the Ankareh formation. The last 
as actually defined by him, included all the rocks exposed in 
his area above the Thaynes limestone, and thus rocks which that 
same year were being named “Nugget sandstone” by Veateh 
m southwestern Wyoming (Wilmarth, 1938, p. 55) (11). 
Very shortly Boutwell (1912, p. 59) (3) revised his defini- 
tion to conform to Veatch’s nomenclature, and since that time 
the term Ankareh has meant the rocks between the Thaynes 
limestone below and the Nugget sandstone above. It was so 
used in the recent TJ. S. G. S. Professional Paper on the Cot- 
tonwood District (Calkins and Butler, 1943) (4), 

This stratigraphic interval is tripartite, being broken 
approximately midway by a unit of coarse-grained sandstone, 
or grit, with red beds below and above. This grit has been 
called the “Ankareh grit” in some unpublished reports and 
the “Suicide grit” in manuscript by Professor R. E. Marsell 
of the University of Utah (personal communication). East- 
ward from the Park City area the grit may be traced through 
the sections on the upper Weber River, Duchesne River (Farm 
Creek, a tributary), Lake Fork, Whiterocks River and Brush 
Creek to the IHnosaur National Monument near the mouth 
of Split Mountain Canyon. Long before this last named 
section is reached, the grit may be recognized as the tjrpical 
Shinarump conglomerate of the Colorado Plateaus province. 
That is, the grit in the Ankareh formation of Boutwell, is the 
extension, into the area of the central Wasatch Mountains, of 
the Shinarump conglomerate (Figure 2). 

Traced northward through the sections on the lower Weber 
River and in Indian Canyon to the Montpelier area, this grit 
is found to be identical with the Higham grit in Montpelier 
and Home Canyons. 

Lithologically the Higham grit* in the Montpelier area is a 
lavender (vinaceous brown) or gray coarse-grained quartzitic 
sandstone with some pebble conglomerate. It is about 35 
feet thick in Montpelier Canyon and the same in Indian Can- 
yon. At the latter outcrop the writer found fossil wood, a 
characteristic feature of the Shinarump conglomerate in 
mcwfc areas (Mansfield, 1927, p. 374) (6). 

At the mouth of Parley’s Canyon east of Salt Lake City 
where the grit is well exposed along the road cut of the 
Wasat<sh Boulevard and in Suicide Rock, it appears very rim- 
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ilar lithologically to the Higham grit in Montpelier Canyon. 
On the basis of the writer’s observation the name “Higham grit” 
should be used southward in the Park City area and as far 
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Figure 1. Index map to show the locations of the sections discussed. 


Locations of the sections referred to in this paper. 


No. Section 


Location 


1. Home Canyon 

2. Montpelier Canyon 
8. Indian Canyon 

4. Lower Weber River 
6. Upper Weber River 

6. Parleys Canyon 

7. Spanish Fork Canyon 

8. Dudiesne River 

9. Lake Fork 

10. Whiterocks River 

11. Brush Creek 

12 Dinosaur National 
Monument 


T.12S.,R.46B. 
T,12S.,R,46E. 
T.16 S.,R.46B. 
T. 4N.,R. 8E. 
T. 1S.,R. 6E 
T. 1S.,R. IE 
T. 9S.,R. 4E. 
T. 1N.,R 8W. 
T. 2N.,R. 6W. 
T 2N.,R IE. 
T. 2S.,R.22E. 
T 4S.,R.23E 


Boise Base and Meridian 
Boise Base and Meridian 
Boise Base and Meridian 
Salt Lake Base and Meridian 
Salt Lake Base and Meridian 
Salt Lake Base and Meridian 
Salt Lake Base and Meridian 
Uinta Base and Meridian 
Uinta Base and Meridian 
Uinta Base and Meridian 
Uinta Base and Meridian 
Salt Lake Base and Meridian 
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east as the upper Weber River section. East of this the 
name Shinarump conglomerate is best. 

The undesirability of continuing the use of the term “An- 
kareh formation” in its present sense is obvious from the 
above discussion. 

“UPPEE ANKAEEH SHALE” OR WOOD SHALE. 

The rocks between the Higham grit and Nugget sandstone 
in the Park City area consist of lavender clay shales followed 
by brick-red thin-bedded sandstones and sandy shales. These 
two lithologic types divide the stratigraphic interval about 
equally. At the top the shales intergrade with the base of the 
Nugget sandstone. The same lithologic types and stratigraphic 
succession may be followed northward through lower Wdber 
Canyon into the Montpelier area, where they constitute the 
Wood shale. That is, the upper part of the “Ankareh for- 
mation” is the Wood shale, and since the term Ankareh in its 
present meaning must be abandoned, it is desirable to extend 
the use of the term Wood shale to the Park City area. 

In the section on the upper Weber River the “upper An- 
kareh shale” still has the appearance of the Wood shale, but 
east of this point lavender and brown-weathering clay shales 
appear to be the typical constituents of the interval, and they 
are better called the Chinle formation. 

“lower ankareh shale” or ankareh shale (restricted). 

The “Ankareh grit” and the rocks above it to the base of 
the Nugget sandstone have been shown to be respectively the 
Higham grit and the Wood shale. The rocks below the grit 
and above the Thaynes limestone constitute a very important 
stratigraphic unit which thickens from a few hundred feet in 
the Montpelier area, southward and eastward. In the Mont- 
pelier area these red beds are part of the Timothy sandstone. 
In Indian Canyon on the east side of Bear Lake they are 
about 100 feet thick. In lower Weber Canyon they have 
increased 'to approximately 700 feet and in the Park City area 
they are about 900 feet of brick-red shale and thin-bedded 
sandstones, the sandstones becoming thicker bedded toward the 
top of the unit. Southward in Spanish Fork Canyon the 
unit is still thicker, reaching 1600 feet, and the sandstones 
at the top are massive. To these beds it is proposed to 
restrict the term “Ankareh shale.” 
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Figure 2. Correlation diagram showing the relationship of Triassic 
formations in southeastern Idaho to those at the eastern end of the Uinta 
Mountains, and the suggested nomenclature for Triassic rocks m the central 
Wasatch Mountains. 


EED WASH FORMATION. 

As the Woodside, Thaynes and Ankareh (restricted) for- 
mations are traced eastward along the south flank of the 
Uinta Mountains each becomes thinner, and in the vicinity of 
Whiterocks Canyon the Thaynes limestone tongue disappears 
completely. It is clear from these relationships that the red 
beds east of that point are in part equivalent to the Amkareh 
(restricted) sandstone and shale, and in part to the Woodside 
shale. Neither term alone can appropriately be applied to 
them, however. 

These beds are sometimes designated the Moenkopi forma- 
tion, but this name is not completely satisfactory because all 
of the Moenkopi, at least in the Zion Canyon area, is younger 
than the Woodside shale, the Meekoceras zone lying at the 
base of the former in the Zion Canyon area (Newell and Kum- 
mel, 1942, p. 938), (7) and above the latter (m the base of 
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the Thaynes limestone) in southeastern Idaho (Kummel, 1943, 
p. 319) (3). 

Since none of the terms Woodside, Ankar^ or Moenkopi 
can appropriately be applied to these beds, a new name seems 
in order. For the name the writer suggests Red Wash for- ' 
mation, from the exposure in the canyon of this name north 
of the dinosaur quarry in Dinosaur National Monument. The 
type section was measured north and west of this locality on 
Brush Creek along a traverse beginning near the mouth of 
Bush Creek gorge in sec. 3, T. 2 S., R. 22 E., Uinta Base and 
Meridian, and running southward to the base of the Shin- 
arump conglomerate. 

Following is the section: 

Shinarump conglomerate Thickness 

Unconformity Feet 

Red sandstone, thin to thick bedded ........ . . . 100 

Earthy thin-bedded sandstone or sandy shale with some thin 

beds of gypsum 870 

Red shales 260 

Alternating units of red and gray shale ... 100 

Gray sandy shal^ with some gray laminated sandstone 

weathering in plates 250 

Total 1080 


Unconforndty. 

Park C!ity Formation. 

EED BED TONGUES IN THE PAEK CITY FOEMATION. 

In 1939 the writer (10, p. 91) named a red bed unit in the 
Park City formation of this area the Mackentire tongue of the 
Phosphoria (Park City) formation. He was criticized by H. D. 
Thomas (1939, p. 1249) (8) who suggested that the red beds 
unit was a tongue of the overlying red beds formation, which 
was then being called the Woodside, and hence that it should 
have been called the Mackentire tongue of the Woodside shale. 
Since that time a great deal of information has accumulated to 
indicate that a major unconformity overlies the Park City 
formation, and hence that the red beds tongue in question is 
much older than any part of the Red Wash formation. If 
this is so, it is not desirable to call it a tongue of the Red Wash 
formation. Rather it is a tongue of the unnamed red beds 
equivalent to the Park City farther east, which are perhaps the 
‘^tawny beds” of Brill (1944) (1) and other writers. 
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TRIASSIC FAUNAS IN THE CANADIAN 
ROCKIES. 

P. S. WARREN. 

ABSTRACT. The Triassic strata of the Canadian Rockies and Foothills 
have been described under two fornmtional names, — ^the Spra7 River for- 
mation which includes the exposures of Triassic rocks in the southern 
Canadian Rockies, and the Schooler Creek formation which includes the 
exposures on Peace river and vicinity. The writer proposes dividing the 
Spray River formation into two members, largely on a lithological basis, — 
the Sulphur Moimtain member below and the Whitdiorse member above. 
The Schooler Creek formation has been divided by McLeam mto two mem- 
bers, a lower or Gr^ member and an upper or Pardonet member. It is 
shown here that the Whitehorse member of the Spray River probably corre- 
lates with the lower part of the Grey member of the Schooler Creek 
The faunas so far obtained from these formations indicate that a nearly 
complete sequence of Triassic rocks occur in the Canadian Rockies. The 
Sulphur Mountain member contains at least two Lower Triassic faunas, the 
Whitehorse member is definitely Middle Triassic, the Grey member of the 
Schooler Creek contains both Middle and Upper Triassic horizons and 
the Pardonet member holds several faunas of Upper Triassic age. 

Inteodxjction. 

T riassic foima'tions have -been known and studied in the 
Canadian Rockies for many years. Progress has 'been slow 
in gaining a detailed knowledge of the formations and their 
faunas, firstly, on account of the scarcity of well-preserved 
fossils in some of the sections studied and secondly, because 
many of the fossils which were collected represented new species 
and often new genera, and expert knowledge of Tnassic fossils 
was required to treat the different faunas in a thorough and 
competent manner. The difficulties of attempting identifica- 
tions of indifferently preserved specimens from European and 
Asiatic literature which is quite voluminous and often difficult 
of access, seemed hardly justifiable. This statement does not 
apply to the works of F. H. McLeam who for years has been 
studying the Upper Tnassic and some of the Middle Triassic 
faunas on Peace river and has brought this study to a high 
degree of fruition. Little progress has been made on the other 
Triassic faunas in the Rockies, until lately when better pre- 
served collections have unravelled some of the difficulties. The 
writer believes that a report of progress may be interesting at 
the present time. No attempt, however, will 'be made to enter 
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into the problems in detail or descri'be any of the species that 
have been collected. 

The irriter wishes to thank Mr. C. R. Stelck for his help in 
providing some critical stratigraphical details. 

STEATIGRAPHY OF THE TSIASSIC FORMATIONS. 

Two formations of Triassic age in the Canadian Rockies 
have been delimited and described. They are (1)* the Spray 
River formation, (3) which has been identified by outcrops in 
many locahties from an area just north of the 49th parallel 
of latitude to and nor'th of Athabaska river at about the 
54th parallel, and (2) the Schooler River formation, (4) which 
is well exposed on Peace river and is known to extend north- 
ward to the Liard river and undoubtedly extends much farther. 
The southern extension of this formation has always been a 
matter of doubt. The relationships of these two formations 
will be discussed in this paper. 

DESCRIPTION OF THE SPRAY RIVER FORMATION. 

The Spray River formation, ori^nally named the Upper 
Banff shales by R. G. McConneJl, consists, in the lower part, 
of a series of dark grey, laminated, calcareous, and sandy shales 
with thin beds of dark grey, fine grained, argillaceous dolomites 
and limestones. Above these occur a series of light grey, cal- 
careous and sandy beds which vary considerably in different 
localities. In places these upper beds are soft limestone, in 
other places they are largely doloimtic with an admixture of 
sand, and in some places they are reported as calcareous 
sandstones. 

A good section of the Spray River formation has been meas- 
ured by H. W. Shimer at the west end of Lake Minnewanka, 
near Banff, Alberta. (7) Shimer gives a thickness of 576 feet 
of dark grey, laminated beds at the bottom of the section and 
922 feet of the light grey, sandy beds above Another section 
measured by the writer (9) at the south end of Sulphur moun- 
tain, 10 miles south of Banff, showed a thickness of 1,243 feet 
for the lower dark grey laminated beds and 610 feet for the 
upper light grey limestone intermixed with darker shales. The 
beds shown in this section above the light grey zone are proba- 
bly a duplication of the lower laminated beds. 

* Figures m parentheses indicate the References at the end of the paper. 
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Farther north, on the McLeod river, a triibutary o£ the 
Athabaska, near Cadomin, Alberta, the Spray River fonnation 
is well exposed. The section is thinner and the writer has no 
exact measTirements at his disposal. The two members of the 
formation are distinctly shown, the lower dark grey laminated 
beds below, overlain by light grey, almost white, chalky lime- 
stone. The white limestone bed has a wide distnbution through 
this area where it makes an admiraible horizon marker and has 
been called the Whitehorse member by field geologists from 
exposures on Whitehorse river, a tributary of the MacLeod. 

North of Cadomin, on Athabaska river in Jasper Park, the 
Spray River formation is present in several sections. No 
complete section is exposed and measurements have not been 
obtained. Various local exposures demonstrate, however, that 
both memibers are present in this area. The upper light grey 
memiber contains a considerable amount of sand and may be 
termed a calcareous sandstone. In one exposed section of the 
light grey member, at the foot of Mt. Cinquefoil, the uppermost 
beds are overlain by gypsum and other evaporites. The gypsum 
bed is dinmediately overlain by the basal bed of the Jurassic. 

The gypsum bed in the upper part of the Spray River for- 
mation continues northward through the mountains and has 
been studied by J. A. Allan(I) in townships 51 and 62, range 6, 
west of the 6th meridian. It is also shown in the log of the 
Guardian well in township 80, range 12, west of the 6th 
meridian. (2) 

The name Spray River formation has not been applied to 
Triassic beds north of Athabaska river, in published reports. 

DIVISION OF THE SPEAY EIVEE FOEMATION INTO MEMBERS. 

The spray River formation may be divided quilte naturally 
into two members: the lower member consisting of dark grey 
to black, laminated shales and dark grey, fine-grained lime- 
stones or dolomites which we may designate the Sulphur Mom-- 
tain member, from the fine section of these beds at the foot of 
Sulphur Mountain in the Spray gorge, 10 miles south of Banff ; 
and secondly, the upper member of light grey to whitish lime- 
stones, dolomites, sandy dolomites or sandstones with some- 
times an intermixture of darker shales and, to the north, evap- 
orites such as gypsum. The name already in use by field geol- 
ogists for this succession of beds is the Whitehorse member of 
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the Spray River and that name will here be recommended for 
official use. 

The division into- memlbers is based directlyx,on lithological 
characteristics but palaeontological evidence may also be use- 
ful. The faunas so far obtained from the Sulphur Mountain 
member may all be ascribed to the Lower Triassic, whereas the 
collections so far obtained from the Whitehorse member are 
Middle Triassic in age. The boundaries between the Lower and 
Middle Triassic may not coincide with the boundary between 
the two members. 

BOUNDABIES OF THE SPRAY RIVER FORMATION. 

Where a normal section is present, the Spray River forma- 
tion lies apparently conformably on the Rocky Mountain 
Quartzite of Pennsylvanian and Penman? age. Although there 
is undoubtedly a time break represented at the base of the 
Spray River, there is no discrepancy in the dip of the two 
contiguous formations. In the northern extension of the Spray 
River formation, in the neighborhood of Cadomin and the east- 
ern ranges on Athabaska river, the Rocky Mountain Quartz- 
ite has a more limited lateral extent than the Spray River 
beds, and the latter formation is found lying directly on the 
Mississippian Rundle limestone. 

In all normal sections examined the Spray River is overlain 
by the Femie (Jurassic) formation. 

DESCRIPTION OF THE SCHOOLER CREEK FORMATION. 

The name Schooler Creek formation was given by Dr. F. H. 
McLeam(4) for a succession of Triassic rocks exposed in the 
valley of Peace river, west of Hudson Hope. The formation is 
exposed in a series of folds and fault blocks which form the 
foothills of the Rocky Mountains. It consists of a series of 
fine sandstone and siltstone, usually calcareous, with beds of 
argillaceous and arenaceous limestone and dark carbonaceous 
beds. 

McLearn(5) has divided the formation into two rather 
indefinite members : an upper series of dark carbonaceous strata 
consisting of argillaceous limestone and calcareous siltstone 
with a thickness of about 300 feet which he designates the Par- 
donet member and a lower series containing light grey more 
arenaceous beds which he terms the lower or Grey member, 
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which IS over 2,000 feet in thickness. The Pardonet member 
contains an Upper Triassic fauna including the Halobia zone 
and the Monotis suhcircularis zone. The lower or Grey member 
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contains several zones of which the lowest or Nathorstites zone 
is the most prolific and hest known. McLearn is inclined to 
place the Nathorstites zone in the Middle Triassic and the 
author is in agreement with this finding. 

From petrological and palaeontological evidence, McLearn’s 
Grey memiber may be correlated, in part at least, with the 
Whitehorse member of the Spray River formation. The addi- 
tional thickness of this zone in its northern extension may be 
accounted for by additional ibeds at the top of the member. 
The top of the Whitehorse memiber of the Spray River is an 
erosionai surface overlain by Jurassic beds, whereas on Peace 
river the Grey member is overlain by Upper Tnassic beds with 
no erosionai interval. The thickening of the Whitehorse mem- 
ber to the north is demonstrated by the position of the gypsum 
bed. On Athabaska river the gypsum bed is immediaJtely over- 
lain by basal Pemie formation. On Mowatch creek to the north 
of the Athabaska (1) the gypsum is overlain by some 480 feet 
of light grey limestone of the Whitdiorse memiber which in turn 
is overlain by the Femie. The same conditions are present in 
the Guardian well in section 7, township 80, range 12, west 
of the 6th meridian. Near Peace river(2) the gypsum horizon 
is overlain by about 360 feet of light colored limy beds which 
probably represent the Whitehorse or Grey member, and they 
are immediately overlain by the Jurassic. 

The Pardonet member is present only in the western fault 
blocks on Peace river and does not extend far to the south. 
It has never been reported south of Pine river. 

The Sulphur Mountain member also appears to be present on 
Peace river as in some sections the Grey member is underlain 
by dark grey laminated shales and limestones, so typical of 
the Sulphur Mountain member. The lower part of this Triassic 
section on Peace river appears to be very little known. 

FOSSIL HORIZONS IN THE TRIASSIC FORMATION. 

Fossil horizons in the Schooler Creek formation have been 
well studied and worked out by McLeam and published in a 
long series of papers in the Transactions of the Royal Society 
of Canada and in the Canadian !!l^ield Naturalist. A good 
resume of the different faunas is contained in McLearn’s paper, 
“Notes on the Geography and Geology of the Peace River 
Foothills,’’ published in the Transactions, Royal Society of 
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Canada, Third Series, Section IV, Volume 34, 1940. The 
Sdhooler Creek formation is very fossiliferous in certain sec- 
tions and lends itself readily for detailed study. The Spray 
River formation, on the other hand, is usually unfossiliferous 
and the sections are poorly exposed. The formation usually 
underlies the valley floors and our knowledge of the formation 
must often be obtained through erratic exposures. Fossils 
usually occur in thin beds from two to six inches thick. Such 
beds are rare and the fossils often poorly preserved. The 
barren nature of the formation and the lack of good lithological 
horizons for the correlation of sporadic outcrops mitigates 
against any thorough knowledge of the formation being 
obtained. Some interesting details relative to the faunas con- 
tained in the formation have come to hand and although the 
evidence is meagre and based largely on imperfect specimens, 
it is suiBcient to indicate in a general way the age of the con- 
taining beds. 

The lowest fossil horizon so far found in the Sulphur Moun- 
tain member of the Spray River formation is contained in a 
bed at, or near, the base of the member. This bed is replete 
with fairly well preserved specimens of Claraia siachei (Bitt- 
ner), a well known Lower Triassic pelecypod. Closely asso- 
ciated with this Clarcda bed, though not, so far, found in the 
same sections, occurs a black magnesium limestone bed con- 
taining many flattened ammonites. The preservation of the 
aimnonates prohibits definite identifications. However, careful 
study of the specimens, and taking into consideration their 
association with Claraia stacJiei, leads to the conclusion that 
the following genera are represented: Ophiceras, ProptychMes 
and Otoceras. The forms referred to the genus Opinceras are 
the most abundant and seem to agree in size, shape of the conch 
and width of the umbilicus with 0. demissvm (Oppel). No 
siiture has been obtained from any of the specimens. The 
forms listed as Otoceras are next in abundance. The keel is 
well known in all the specimens, the sharp umbilical rim is well 
expressed and the spiral ridges were observed in one specimen. 
No suture has been observed. The specimens are comparable 
in size and other external features with 0. fssisteUatwm Diener. 
The form listed as ProptycJiMes is represented by a fragment 
of the septate portion of a whorl. The size of the shell, and 
the septa especially, agree in minutest detail with Spath’s 
aperies P. rosenkrantzi from Greenland. 
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The fauna listed above is Lower Triassic in age and is world 
wide in distribution. It represented the lowest faunas in the 
Triassic and has been reported in the western hemisphere from 
Nevada(6) and Greenland. (8) Muller and Ferguson, who 
recently described a similar fauna from the lower beds of the 
Candelaria formation in Nevada, give a good summary of the 
distribution of the fauna in the Tyrol, in Greenland, and in 
India. 

Above the ammonite bed of the Sulphur Mountain member, 
fossils are very scarce. One bed has yielded a fine selection of 
pelecypods of the Monotis type, but the genus has not been 
definitely detemined and it seems to have little stratigrapliic 
value at the present time. At some 600 feet above the base 
of the member, a horizon yielding Flemmgites^ is important. 
The genus has been determined by exitemal features only. The 
species is large, from six to eight inches in diameter and the 
spiral ornamentation is well preserved. There seems little doubt 
as to the generic determination. The horizon appears to be 
wide spread as it has been obtained from three widely spaced 
localities. At much the same horizon in one locality, several 
specimens of Claraia griesbacM Bittner have 'been identified. 

The FleiMTigites fauna has a wide distribution. It is a well 
known North American fauna and the genus serves to link this 
horizon of the Sulphur Mountain member with the Meehoceras 
beds of Idaho and the FUmmgites beds of India. 

No fossil horizons have been detected in the Sulphur Moun- 
tain member above the Flemmgites horizon. The section of 
rock above this horizon must be quite thin as the FleTnmgites 
horizon is about 600 feet from the base and most sections of the 
Sulphur Mountain member do not measure much more than 
600 feet and some are less. The sections nearest the foothills 
are the thinnest, probably as a result of an overlap in that 
direction, cutting out the lowest beds of the member. 


FOSSIL HOaiZONS IN THE WHITEHOESE MEMBER. 

The fauna of the Whitehorse member of the Spray River 
formation has been collected from several localities but collec- 
tions are yet too meagre to justify the delineation of definite 
horizons. The member is usually not more than 300 feet thick 
and the species collected may have a stratigraphical range 
throughout the whole member. The fauna collected from the 
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Whitehorse member which has 'been identified and of strati- 
graphic value, is listed below : 

Lkigida seVwyni Whiteaves 
DaoneUa duhia Gabb 
Homesia cf. socialis (Schlotheim) 

Trigonodm ? productus Whiteaves 
Arcestes? sp. not determined 
Ceratities {Gymnotaceras) hlakei Gaibb 
Nathorstites cf. mcconnelli Whiteaves 

Most of the fauna listed above was obtained from the base 
of the Whitehorse member, the exceptions being Lingula selwyni 
and Trigonodus? productus which were obtained from the 
upper beds of the member. Lingula selwyni was described but 
not figured by Whiteaves. (11) This Lingula is usually large, 
being about 25 mm. in length and 15 mm. in width. The sides 
are nearly parallel though gently convex and converging slowly 
toward the ibeak ; the front of the shell is truncate or broadly 
rounded. It has been obtained from several localities in the 
Whitehorse member. It o-ccurs in the Grey memiber of the 
Schooler Creek formation along with the Nathorstites fauna. 
Trigonodibs^ productus has quite a wide areal distribution, 
having been described from the Triassic rocks on Liard river 
by Whiteaves. (12) The genus has been reported from several 
localities in the Nathorstites fauna. 

The remainder of the fauna is typical of the Middle Triassic. 
Ceratites (Gymnotoceras) hlakei occurs in the Ceratites trino- 
donus sub-zone of the DaoneUa duhia zone in the West Hum- 
boldt range in Nevada. It is the most prolific species in our 
collections. The su'b-genus has been reported by Williams(lO) 
some 90 miles west of Fort Nelson on the Alaska Highway, 
together with DaoneUa and Tridonodus. It has not been 
reported so far, from the sections on Peace river. The pres- 
ence of HorTwsia cf. socialis tends to link this fauna with that 
of the Muschelkalk in Germany. Muller(6) reports HorTiesia 
aff. H. socialis from the Excelsior formation in the Gillis range, 
Nevada. It was not accompanied by ammonites. The presence 
of the Homesia in this fauna tends to place the fauna low m 
the Middle Triassic. 

The fauna so far collected and identified from the Whitehorse 
member of the Spray River formation, is definitely Middle 
Triassic in age. In comparison with the Triassic section in 
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Germany, the fossil evidence would tend to correlate the member 
with the Lower and Middle Muschelkallc. Definite correlation 
IS impossible at the present time. 

FOSSIL HOaiZONS IN THE LOWER OR GREY MEMBER OF THE 
SCHOOLER CREEK FORMATION. 

The fossil horizons of the Schooler Creek formation have 
been well worked out by McLeam and the fossils described. 
There are two well defined faunal zones in the low'er or Grey 
member. ' The lowest faunal zone occurring in the lower part of 
the member is named after the most prolific ammonite, NatJior- 
stites. Other ammonites commonly found at this horizon 
include Protrachyceras and Iscvlites. Brachiopods include 
Lingvla selwynii Spiriferma and Coenothyris. Pelecypods are 
plentiful including Monoiis Twontmi McLearn, Hornesia'^ and 
DaoTieUa. McLeam is inclined to place this fauna in the 
Ladinian or late Meso-Triassic and the writer agrees with this 
designation. It cannot be very far separated from the 
Ceratites (Gymmtoceras) hlakd fauna found at the base of 
the Whitehorse member of the Spray River as some species are 
common to the two faunas. 

This fauna cannot be correlated with known faunas from 
Nevada or California, as Ladinian faunas appear to be lacking 
in that area. It may be the lack of Ladinian faunas in the Cali- 
fojrnia and Nevada area which seems to give a ‘‘boreal’* aspect 
to the Nathorstites fauna. 

The second fauna of the Grey member of the Schooler Credt 
formation 'occurs near the top of the grey beds in the Lima? 
poyana fauna. It represents an assemiblage of pelecypods, 
mostly new species, which McLeam would prefer to corrdate 
with some part of the European Karaian. The fauna does not 
seem to occur in the California or Nevada area. 

FOSSIL HORIZONS IN THE PARDONET MEMBER OF THE 
SCHOOLER CREEK FORMATION. 

The faunas of the Pardonet memiber are all Upper Triassic 
in age. The lower part of the member contains a Hcdohia 
fauna and a Monotis suhcircularis fauna occurs near the top 
of the member. According to McLeam, the Halobia zone con- 
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tains three distinct ammonite faunas which, in ascending order 
are: the Stikmoceras fauna including species Jivoavites^ Trop- 
ites and TMsbites ; the Drepanites fauna, containing species of 
Juvavites and Cyrtopleurites ; the Distichites fauna containing 
many genera of Upper Triassic age, including species of Dis- 
tichitesi IscvUtes, Hknavatites^ Helictites and Pinacaceras^ 
The Stikmoceras fauna is placed in the Upper Kamian and 
the Drepanites and Distichites fauna are considered Lower 
Norian in age. These faunas show Mediterranean and Hima- 
layan affinities. 

The upper part of the Pardonet member contains the well 
known Monotis subcircularis of Upper Norian age. Closely 
associated with it is the ammonite Diphyllites fauna which also 
includes Placites. It is the uppermost fauna so far found in 
the Pardonet member. The Rhaetic faunas are apparently not 
represented in the section. 

CONCIiUSIONS. 

A fairly complete sequence of Triassic rocks is present in the 
Canadian Rockies, represented by the Spray River formation 
in the south and the Schooler Creek formation on Peace river. 
The Spray River formation composed of two members, the 
Sulphur Mountain and the Whitehorse, contains Lower and 
Middle Triassic faunas respectively. The Schooler Creek for- 
mation on Peace river, composed of two members, the lower or 
Grey memiber and the Pardonet member, contains Middle and 
Upper Triassic faunas. It is believed that the lower part of 
the Grey member of the Schooler Creek formation may be corre- 
lated with the Whitehorse memiber of the Spray River forma- 
tion. It IS also believed that the dark laminated shales and 
limestones at the base of the Grey member probably represent 
the Sulphur Mountain memiber of the Spray River formation. 

The boundary between the Triassic formations and the over- 
lying Jurassic Femie shale is an erosional dis conformity. The 
erosional interval is greatest in the south where the Femie 
overlies Middle Triassic beds, whereas on Peace river a thicker 
section of Middle Triassic beds as well as Upper Triasic beds 
are present below the Fernie. A greater erosional interval is 
also shown in the eastern sections of both the Spray River and 
Schooler Creek formations. It is only in the most westerly 
section on Peace river that the highest Triassic faunas are 
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Qibtained and the thinnest sections of the Spray River are found 
in the eastern range. 

The various faunas of the Lower and Middle Tnassic are not 
fully represented. No Lower Triassic faunas aibove the Flemm- 
gites zone have been obtained and the lower faunas of the Middle 
Triassic are doulbtfully present. It is quite possible that there 
is an erosional unconforanity between the Sulphur Mountain 
and Whitehorse members of the Spray River formation, which 
is responsible for the missing faunas. 
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TWENTY-FIVE YEARS OF STUDY OF THE 
QUATERNARY IN THE U. S. S. R. 

V. GROMOV. 

FOREWORD BY THE TRANSLATOR. 

The reyiew by Professor Gromov is an account of some of the 
most important accomplishments of Russian scientists in the 
field of Quaternary geology and paleontology in the last quar- 
ter of a cenitury. It serves as a good introduction to the sub- 
ject, and includes a valuable stratigraphic summary, but is not 
supplemented by a bibliography. Fortunately, the extensive 
bibliography on extra-American geological literature which is 
being published annually by the Geological Society of America, 
and the annotated bibliography periodically published by the 
Society of Economic Geologists, include many of the works men- 
tioned by Gromov. 

Because the subject reviewed by Gromov is so vast, and prob- 
ably because he wrote under a great handicap created by the 
war, which destroyed or greatly reduced and inconvenienced 
most scientific activities in the U.S.S.R. (hence lack of bibli- 
ography) — ^has review does not include some individual Russian 
contributions on the subject, which have been received here and 
which are important. Such is the paper by N. B. Vassoe- 
vitch (1934) on late orogenic phases in the Caucasus, where 
he discusses the whole problem of the Pliocene-Pleistocene dif- 
ferentiation ; his paper is accompanied by a good bibliography 
of the Russian and Western European literature on the subject. 
A very able review and discussion on the latest epeirogenic 
movements in the region adjacent to the northern part of the 
Caspian Sea was published by N. I. Nikolaev and B. V. Polia- 
kov (1937) and a short but well written and illustrated discus- 
sion on the origin of the successive Quaternary marine and 
river terraces by A. I. Moskntin (1937), who correlates the 
terraces of the Mediterranean worked out by Deperet, the ter- 
races of the Black Sea worked out by Ldchkov, and the terraces 
along the Black Sea studied by himself. A most ambitious and 
fascinating account of the late Tertiary, Quaternary and recent 
history of the Caspian Sea and its historically recorded 
repeated connections and disconnections with the water basins 
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to the west, east and north, was published in the form of a small 
book by Professor S. A. Kovalevskii, (1933, very completely 
reviewed by B. B Zavoico in the Bull, Am. Ass. Petr, Geol., 
vol. 19, 1935, p. 120). In an excellent paper (in Polish and 
English) devoted to the history of the recent floras around the 
Black Sea and the Eastern Mediterranean, Mrs. Hanna 
Chechotova (the widow of Professor Chechot of the Mining 
Institute of Lemngrad) discussed the recent changes in the 
configuration of their shores and the history of the Crimean 
peninsula and the Azov Sea. 

These are only a few outstanding papers (available at the 
library of the Nebraska Geological Survey), all concerning 
the Quaternary geology of the southern part of European 
U.S.S.R. and adjacent territory, which I selected from the sci- 
entific treasury recently published in Russian, Ulcrainian, 
Polish, and other Slavic languages. Most of it, if not all, 
should be made available to those American scientists who spe- 
cialize in the Quaternary and wish to contribute to the correla- 
tion of American and European deposits of this age. The 
important problems of international scope, such as the number 
of Pleistocene glaciations and their possible intercontinental 
correlations, the boundary between Pliocene and Pleistocene, 
the migration of late Cenozoic faunas and floras, and others, 
cannot possibly be approached except by close cooperation 
between Russian and other European and Asiatic scientists, and 
their American colleagues. Bringing the Russian literature on 
this and other scientific subjects to the attention of the Ameri- 
can scientists, and assistance in making it available to them, is 
one of the most important functions of the Science Committee of 
the National Council of American-Soviet Friendship, which it 
hopes to develop. 


M. K. Elias. 

ABSTRACT. In the historical sketch of the study of Quaternary the 
importance of stratigraphic base for paleontologic, mmeralogic and other 
special aspects of the study is stressed Special chapters are devoted to 
progress in geological mapping, development of mineral resources, study 
of fossil man, vertebrate and invertebrate ammals and plants, and in 
tectonics. In conclusion the stratigraphy of the Quaternary is given, with 
a description for each major sub^vision of its physiographic expression, 
lithology, fossil soils, and characteristic faunas land floras. The following 
subdivisions are recognized, from older to younger; Ng^L Pliocene 
and Ng.|M Upper Pliocene (the two are reviewed because some Rus- 
sian authorities place them in basal Pleistocene). QjM Lower Pleistocene 
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(Mmdel), Q^jj Middle Pleastocene (Mindel-Riss), Q®jjj Middle Pleisto- 
cene (Riss Glaciation), Q^jjjRW Upper Pleistocene (Riss-Wurm), and 
Q*lll Pleistocene (Wurm) The author adheres to the idea of a 

single major glaciation in Quaternary time, basing this contention chiefly 
on the stratigraphic and paleogeographic distribution of mammals and 
terrestrial floras. 

T he Quaternary occupies vast areas in the territory of the 
Soviet Union and has consideralble scientific and practical 
importance. Geologists, geomorphologists, zoologists, paleon- 
tologists, 'botanists, archeologists, anthropologists, and econ- 
omists — all have an interest in it, and now, m war time it 
assumes a new importance from a military point of view. 

The studies of the Quaternary faunas, or floras, or fossil 
soils, or lithology, though instructive, do not reveal a true pic- 
ture of Quaternary history, unless they are coordinated and 
interwoven into the fundamental study of the complex strati- 
graphy of this geological period. Unfortunately an under- 
estimation, or even complete disregard of the stratigraphic 
factors, has done much harm in the studies of the Quaternary, 
Clearly, without an understanding of the geological history 
of a region, no intelligent plan for search of useful minerals 
or for their rational exploitation are possible, either in war 
or in peace. 

In pre-Revolutionary days it was a custom not to show any 
Quaternary deposits on the geological maps at all, as their 
economic importance was not recognized. Later, through the 
labor of the Soviet explorers, such as A. Pavlov, J. Edelshtein, 
P. Tutkovskii, N. Bogoliubov, N. Kryshtofovich, V. Obruchev, 
S. Yakovlev, Nabokikh, G. Mirchink, P. Pravoslavlev, and 
others (in Geology), J. Oherskii, M. Pavlova, N. Andrusov (in 
Paleontology), F. Volkov, V. Gorodtsov, J. Savenkov and 
others (in Archeology), some substantial knowledge of the 
Quaternary and its history has been accumulated, and even 
attempts were made at a few syntheses. These explorers dis- 
covered about ten paleolithic stations and several localities of 
interglacial floras. They described a considerable amount of 
valuable paleontological material, and published also a few 
geological reports, all pertaining chiefly to the European part 
of the U,S.S.Il. 

In the course of the first two “Five-year Plans” the accumu- 
lation of new facts from the vast territory of the U S.S.R. con- 
tinued, and some geological syntheses were attempted for a 



495 


Study of the Quaternary m the U.S.S.R. 

few selected large areas of the country. By the end of this ten- 
year period the works on the Quaternary geology, fauna, flora, 
and fossil man 'became so numerous, that a need arose for a 
special authoritative agency to coordinate the work of various 
specialists. Such an agency was needed also for the direction 
of their efforts toward the solution of some purely economic 
proiblems, and also for the purpose of working out the best 
metho'ds of approadh in various specific problems. In 1927 
such an agency was created in the form of the Committee for 
the Study of the Quaternary at the Academy of Sciences of the 
U.S.S.B. This Committee, already m the first year of its 
existence, united more than a hundred representatives of various 
sciences. Prior to its organization the works of various sci- 
entists on the Quaternary were characteristically un-codrdi- 
natefl. Only seldom could one have encountered a joint work by 
a geologist, ardheologist, botanist and paleontologist for the 
purpose of attacking a certain selected problem. But now, 
when the considerable economic and scientific importance of 
the Quaternary deposits became obvious, their systematic study 
became obligatory for all agencies in the country which are 
entrusted with geological research. 

It was soon realized that the existence of onl}^ one Committee 
for the study of the Quaternary was insufficient. And so, even 
in the first years of the third ‘‘Five-year Plan,” there were 
organized special Quaternary divisions at the Geological Com- 
mittee in Leningrad, and at tiie Geological Institute of the 
Academy of Sciences of the U.S.S.R. A Special Quaternary 
Committee was organized at the LTkrainian Academy of Sci- 
ences, and a large scale w^ork on the Quaternary took place 
under the ausplices of the Byelorussian Academy of Sciences. 
The modest scientific periodical which has been published under 
the name of “The Bulletin of the Quaternary Committee” was 
transformed into the imposing “Trudy (Traveaux) of the 
Quaternary Committee,” in which large monographs are now 
being published. 

The study of the Quaternary in the territory of the U.S.S.R. 
assumed still wider development after the Second Conference 
o-f the International Association for the Study of the Quater- 
nary Period, in the fall of 1942 at Leningrad. That year, 
which marked the beginning of the fourth “Five-year Plan,” 
was also distinguished by the publication of the first map of the 
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Quaternary deposits of the European part of the U.S.S.R. and 
the regions adjacent to it, on the scale of 1 :2, 500, 000, edited 
by S. Yakovlev. 

For the opening of the Second International Conference an 
account was taken of the accumulated knowledge in the various 
aspects of the Quaternary history (stratigraphy, fauna, flora, 
fossil man) and a special large exhibit was organized at the 
Quaternary Division of the Academy of Sciences (J. G. N.- 
A.N.-S.S.S.R.) ; the members of the Conference acclaimed it the 
best exhibit ever made on the history of the Quaternary period. 
Hhe Presidium of the Academy resolved to make it a permanent 
exhibit, and now it is a cherished possession and the pride of 
the Geological Institute of the Academy of Sciences. 

At the meeting of the Conference there were reached various 
important decisions about the organization of a Soviet section 
of the International Association for the Study of the Quater- 
nary (INQUA), and Academician J. M. Gubkin was appointed 
its chairman. 

In the course of three years, between the 2nd and 3rd con- 
ferences of the INQXJA, the Editorial Committee for prepara- 
tion of the International Quaternary Map of Europe and the 
Soviet Section of INQUA have organized 46 expeditions in 
various regions of European part of the U.S.S.R. and Cauca- 
sus Thirteen of these expeditions were engaged in mapping 
the enormous territory of the Northern region, Karelia, and the 
Kolsky peninsula. It is important to point out that these 
expeditions worked according to a planned program, and used 
a uniform standardized legend and scale for mapping, which is 
a rare instance of a coordinated investigation over a territory 
of sach immense size. 

Aloif^side of the development of cartographo-geological 
undertakings the Soviet scientists succeeded in exploring the 
other aspects of the Quaternary history, especially fossil man, 
flora, fauna, tectonics, and placer deposits of the precious 
metals and diamonds. 

Cartographo-Geological Accomplishments: As the result of 
an extensive work on the organization of the cartography of 
the Quaternary, for the success of which we are indebted to 
Professors S. Yakovlev, G. Mirchink, and others, we have now 
at our disposal six sheets of the International Quaternary map 
of Europe: 12th, 27th, 19th, 20th, and 13th, four of which are 
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published and two in press ; they cover almost the whole 
plain of the European part of the U.S.S.R. on the scale of 
1-1,500,000. 

Besides the Quaternary maps of the European part of the 
U.S.S.R. on scales 1 .1,500,000 and 1 2,500,000 we have now 
some maps of larger scale for separate regions and republics. 
For instance, for the Ukrainian SSR we have a Quaternary 
map on a scale of 1 :500,000,000 ; f or Moskovskaia, Ivanovskaia, 
Kalininskaia, and Western Oblasti (regions) — ^maps on the 
scale of 1 •420,000 ; for Leningradskaia region and Karelian 
ASSR on scale of 1 :1, 000,000 ; and for some separate regions 
of the North on scale of 1 :500,000. Besides, some regions have 
also still larger, more detailed maps, which were made in con- 
nection with certain practical proiblems at the request of vari- 
ous organizations. 

Less satisfactory is the situation in the Caucasus, the Urals 
and the Asiatic part of the U.S S.R. For these terntories we 
do not have as yet summarized Quaternary maps, even on a 
small scale. However, maps on the scales of 1:1,000,000 and 
1 :1 ,400,000 exist for some large regions of Western Siberia and 
Kasakhstan (Prepared by H. Ber, L. Vvedensky, V. Gromov, 
N. Pravoslavlev, and others). Such were made, for instance, 
for the Omsko-Barabinsk region, for the central parts of the 
Western Siberian plains (basins of rivers Vah, Yugan, and 
others), for the regions along the Ob and Irtysh rivers, the 
Kulundisk Steppe, and others. 

Considerable cartographic material has been accumulated for 
the Southern and Middle Urals, as the result of systematic work 
under the direction of I. Sobolev of the Ural Geological Depart- 
ment, and A. Burov of the Ural Diamond Expedition, and also 
as the result of works of the ‘TJralzoloto” Trust and of the 
Complex Ural Expedition sent by the Academy of Sciences of 
the U.S.S.R. Mention should be made also of considerable 
development of geomorphological mapping, on a variety of 
scales, of various territories of the Soviet Union, particularly 
that of the Middle Urals, which is being made by the Ural Dia- 
mond Expedition since 1938 on the scale of 1 :300,000, simul- 
taneous with the mapping of unconsolidated Mesozoic-Ceno- 
zoic deposits (by I. Krasnov, K. Nikiforov, L. Shorygin, and 
others). The material accumulated to date permitted the 
start of a summarized geomorphological map of the Urals on 
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the scale of 1 :500,000, and an idea of the preparation on the 
same scale of a map of unconsolidated Mesozoic - Cenozoic 
deposits is ibeing considered. In the domain of geomorphology 
mention should be made of the work of the Institute of Physical 
Geography under the direction of A. Grigoriev, and of the 
first summarized geomorphological map of the U.S.S.R, pre- 
pared by I. Gerasimov and K. Markov, the members of the Soil 
and Geographical Institutions of the Soviet Academy. 

Economic Minerals: Thanks to the explorations by E. N. 
Stchukma in Altai, K. V. Nikiforova and E. N. Shchukina in 
Southern and Central Urals, G. Mir'chink and Gurachek at 
Aldan, and G. D. Karamysheva in Salair and Urals, there were 
noticed m 1938 some regularities in the distribution of placer 
deposits of cassiterite and gold, which are connected with an 
ancient buried hydrography. Quite independent from this 
work, it has been established through the extensive collective 
explorations of the Ural Diamond Expedition, particularly by 
the geomorphologists D. Borisov, J. Krasnov, N. Kind, N. Vved- 
enskaia, and also by V. Trofimov, N. Gerakov and others, under 
the general leadership by G. Volosiuk, that all the economic, 
diamond placers are connected with the unconsolidated Meso- 
zoic-Cenozoic deposits, and are enriched through repeated 
redeposition in the alluvium of the ancient hydrographic net, 
or in the karst gorges and ravines of various ages. Therefore, 
the study of the regular distribution of the placer deposits, 
the finding of the mother rock of the diamonds, and the estab- 
lishment of the directions and routes of deposition, is connected 
directly with the reconstruction of the ancient hydrographic 
and ravine-canyon systems. Thus the reconstruction of these 
ancient systems, which is based entirely on the methods worked 
out by the Quaternary specialists, has a fundamental signifi- 
cance in the organization of exploratory-prospecting work for 
the placers. Similar regularities are also observed m some of 
the platinum placers of the Urals (V. Trifonov, J. Rozhkov) . 

It is appropriate to notice here the preparation of the 
first maps of a kind which indicate the diamond placers of the 
Middle Urals on scales of 1 :500,000 and 1 *200,000 ; they are 
being edited by the chief of the Diamond Expedition M. Shes- 
topalov and the chief engineer of same expedition A. Burov. 
This map is based to a considerable extent on the work of the 
Quaternary geologists, who also prepared the map of the bed- 
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rock and of Pleistocene thicknesses of the Moscow region in con- 
nection with the study of the distribution of the Quaternary 
waters (L. Shorygina) ; and the maps of the loess-like rocks of 
the Asiatic part of the U S.S R. in connection with investigation 
of the geologic-engineering properties of the loess-like rocks 
(by A. Moskvitin and K. Pestovskii) . There are also other maps 
on the Quaternary geology and geomorphology, which were pre- 
pared in connection with exploration for economic minerals, by 
special requests of numerous economic organizations. 

FossU Man' The Soviet explorers made considerable prog- 
ress in the study of the man of Paleolithic and Neolithic ages. 
A mere list of Paleolithic stations discovered and investigated 
in the last 25 years would take too much space; their total 
number since the October Revolution increased to 250, which 
is more than ten times the number of the previously known sta- 
tions, — and each new discovery of a Paleohtliic station is a 
major event in the study of the Quaternary in general and of 
the history of the material culture in particular. 

Some of the most important researches are as follows. The 
investigations of the Paleolithic of Enisei River (by N. Auer- 
bach, V. Gromov, G. Sosnovskii, of 1923-26), which resulted in 
the establishment of three groups of stations of different ages in 
the second half of the upper Paleolithic. The excavations of the 
Aurignacian-Solutrean station of Malta near Irkutsk (J. Ger- 
asimov), which yielded a series of remarkable objects made from 
mammoth tusks (female figurines, birds, mammoth engraving, 
etc.). A communication was just received that A. P. Oklad- 
nikov found on the Lena River a station of Paleolithic culture 
with a sketch of a mammoth figure. The discovery of 1939 by 
M. Talitskii of the Mousterian type of flints (a sharp point 
and chips) and of an upper Paleolithic station at the mouth 
of Chusovaia River in the Urals, the excavations of which were 
continued in 1942 by M. Griaznov and A. Jessen. The numer- 
ous explorations by P. Efimenko and S. Zamiatin near Voronezh 
and Lipetzk on Don River. The widely and thoroughly organ- 
ized excavations of 1939 in the Paleolithic of Desna River 
wliich were conducted under the direction of M. Voevodskii. 
Because they were conducted in connection with detailed geolo- 
gical investigations of the local Paleolithic, they resulted in dis- 
covery of a Mousterian tj>pe of culture under a moraine of a 
maximal glaciation (V. Gromov, V. Khokhlovkin). The numer- 
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ous systematic excavations of Paleolithic cultures in Crimea 
under the direction of G. Bonch-Osmolovskii, which resulted, 
not only in the estafolishment of a succession of cultural strata 
from the well developed Mousterian (or, as Bonch-Osmolovskii 
thinks, from an undetermined pre-Mousterian stage) to epi- 
Paleolithic inclusive, but also enriched the science of Anthro- 
pology by a discovery of a Neanderthal burial. The remark- ' 
able discoveries of 1934i by S. Zamiatin of the numerous Paleo- 
lithic stations along the Black Sea coast of the Caucasus, 
proved the presence in the U.S.S.R. of remains of the Clactonian 
stage (Lower Paleolithic). There should be mentioned also the 
works on the Paleolithic by O. Bader and S. Bibikov in the 
Crimea, and by M. Rudinskii in the Ukrainian S.S.R. which 
helped much in the establishment of periodicity of Paleolithic 
cultures in the territory of the U.S.S.R., and in putting of 
archeological foundation under the stratigraphy of the Quater- 
nary deposits. 

Some of the above listed stations, such as Afontova Mound 
II on the Enisei River below Krasnoiarsk, at Malta near 
Irkutsk, the groups of Kostenkovsk stations on Don River below 
Voronezh, and at Kiik-Koba in the Crimea, have already 
received a worldwide renown because of the importance of the 
discoveries connected with them and because of the exmplary 
way in which the investigations were conducted. The work on 
the geology, fauna, and flora of the Paleolithic which not infre- 
quently was conducted simultaneously with the archeological 
investigations, could be set apart into a special category of 
research. 

The vast material from all these Paleolithic investigations 
was "tnonographed by V. Gromov (1938-39), and he proved 
that the middle Paleolith (Mousterian) belongs to a geological 
time preceding the maximal (Eiss) glaciation of Eurasia and 
corresponds to the first half of it, while the upper Paleolithic 
(Aurignacian, Solutrean and Magdalenian) fall in the second 
half of Riss, Riss-Wiirm, and Wiirm time. Thus it was proved 
that Paleolithic stations have much greater stratigraphic sig- 
nificance than usually supposed. 

Quaternary fauna' Since the October Revolution a consider- 
able success was also achieved in the study of mammals and 
marine invertebrates. Much less is known about the Quater- 
nary avifauna and fishes, the study of which began essentially 
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since the second “Five-year Plan,” when A. Tugarinova started 
her work on birds and M. Tikhii his work on fishes. 

Among the investigations on mammals there should be men- 
tioned first of all the numerous descriptions by M. Pavlova, 
which she began far back before the October Revolution and 
which have been carried on by her with variable intensity 
throughout her whole life. 

In recent time the work by M. Pavlova was continued and 
developed by V. Gromov, E. Beliaev, J. G. Pidoplichka and 
others. The enormous material, which accumulated in the 
course of the first three “Five-year plans” was suflScient for the 
studies in both stratigraphic and purely paleontologic direc- 
tions. Among the accomplishments of purely paleontological 
aspect are the fine monographs by V. Gromova on the natural 
history of the subfamilies Bovinae and Caprovinae, and of the 
family Equidae, which throw much light on the ancestral history 
of the domesticated animals. There should also be mentioned 
the synoptic work by J. G. Pidoplichka on the history of the 
Ukrainian fauna. Finally, mention should be made of the first 
attempt by V, Gromov to reconstruct the history of the Quater- 
nary fauna of the U.S.S.R. on the basis of phylogeny and 
stratigraphy. The following are the characteristic faunal 
complexes for the major stratigraphic units of the Quaternary : 

(A) Taman (Tamanian) which stands at the border between 
Pliocene and Lower Pleistocene, and includes a late form of 
Elephas meridkmalis^ Elaejnotherium catM:asiczm, Equus sp. ; 
the latter is a characteristic Tamansk form, the teeth of which 
still preserve some characters of the Pliocene Equms stenonis. 

(B) Tiraspol (Tiraspolian) — Lower Pleistocene or Mindelian, 
' with Elephas wiisti. Bison schoetensacki, Aloes latifrons, 

Cermts {Megaceros), and others. (C) Hozar (Hozanan) — 
Mindel-Riss and Ranneriss, with Elephas trogontherii (Pole), 
Bison priscus longicomis, Megaceros germamcus^ Camehis 
knoblocJdy and others. (D) Upper Paleolithic — Riss, Riss- 
Wiirm, and Wiirm, with Elephas primigenms^ Rhinoceros anti- 
quitatis, Megaceros hibernicust VtUpes lagopus, Lemmus oben- 
siSf Myodes torquatuSy Ramgifer tarandm, and others. Within 
this complex may be further segregated the faunas of Aurig- 
nacian, Solutrean, Magdalenian and Epipaleolithic ages. (E) 
Recent (Holocene), some of the animals of which had different 
areal distribution at the beginning of the epoch. 
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A closer study of the faunas of the Paleolithic stations has 
shown that the Mousterian fauna is but an impoverished Hoz- 
arian fauna. It is characterized by the presence of Elephas 
trogontherUi the abundance of a large bison, which is probably 
close to Bison priscus longicomis, the gigantic deer, and also 
the wolves, foxes and other animals, which are common in the 
later time. It is characteristic that at this time the reindeer 
(kodak) appeared even in the southern part of the Russian 
Plain. In the cave stations of Crimea and Transcaucasus the 
Mousterian strata are well characterized by the numerous 
remains of the cave bear and the cave hyena. At this time in 
Crimea (Kiik-Kiba) appeared the reindeer and wooly rhino 
{Rhinoceros antiquit atis), and among the birds — ^the apline 
chough which indicate a cooling that can be the result of the 
advancing Riss glaciation. In general the Mousterian (prob- 
ably late Mousterian) animals appear as a stable faunistic com- 
plex, which may be called the Mousterian fauna. Its distribu- 
tion is very extensive. The recent discoveries in the Urals 
show that here too the Mousterian fauna preserved its funda- 
mental aspects, except that in place of the giant deer, so numer- 
ous in the Crimea, there are encountered quantities of the 
remains of the noble deer, and there is also an admixture of the 
Asiatic elements. 

Super-Paleolithic fauna: This fauna is a segregated and 
stable complex, which varies only in details, depending on geo- 
graphic position, and it may be properly called the “Super- 
Paleolitiiic faunal complex.” 

In the Crimea we find the wild mountain goat, mountain 
sheep, cave hyena and cave bear, which are associated with the 
common Super-Paleolithic rhino, mammoth, bison, horse, and 
others. In the Transcaucasus, in the Baikal area, and along 
Yenisei River we find fundamentally the same Supei>Paleolithic 
fauna with an admixture of some elements of the Asiatic fauna. 
Thus, beginning from Urals and eastward, Capreolus pyrargus 
displaces the European roe deer, and the Siberian maral displaces 
the noble deer of the Russian Plain; at Yenisei River there are 
added to them -the Siberian goat and argali; in the Baikal area 
— snowy sheep ; and at Transbaikal the peculiar Asiatic ante- 
lope, Spiroceros leiaJchtensis. Beginning with the western slope 
of the Urals the remains of the cave bear and cave hyena became 
gradually scarcer. In the Russian Plain there is a marked 
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absence of the Asiatic and mountain types of animals. One of 
the most characteristic pecuharities of the Super-Paleolithic 
fauna is the presence of cold-loving animals, and the general 
mixture of the representatives of the different zoological hab- 
itats, especially those of tundra and steppe. Thus, even in the 
Crimea, already in lower Aurignacian strata there appear such 
northern elements as the arctic fox, northern deer, polar 
lark, white partridge, grouse, and the chough. Their penetra- 
tion to the south can be explained only as the consequence of 
the maximal, that is Riss, glaciation, because these occurrences 
represent the southernmost penetrations of the Arctic fauna 
known to us. The advancing ice-sheet pushed the inhabitants 
of the Russian Plain — ^the giant deer, saigak, horse, ox, rhino 
and mammoth — to the south, and to the southern mountains. 
There they became mixed with the Crimean aborigines, the goat 
and sheep. Thus they formed a peculiar “mixed faunistic 
complex,” to which were added apparently also the last 
representatives of the cave hyena and cave bear. The same 
situation is encountered also m the southern Urals, Trans- 
caucasus, Russian Plain, Baikal area, and southern and middle 
Sibena along Yenisei River. However, while in the caves of 
the southern Urals and Crimea we find some arctic fox remains 
mixed with numerous deer and horse and in the middle Ural even 
with the lemming, — in Transcaucasus the Riss refrigeration of 
Super-Paleolithic age has resulted on the one hand in penetra- 
tion of the elk, (Navalishinsk and Akhshatyrsk caves near Sochi, 
Gvardjilas-Kalde, Sakajiia near Kutais) and the glutton, and 
on the other hand, in the descent toward the valleys of the 
inhabitants of the alpine and subalpine meadows the promethean 
mouse and gazel (Guard jilas-Kalde, Sakajiia). At Trans- 
baikal and along the middle Yenisei River we find such typical 
steppe dwellers as the giraffe and numerous remains of the 
arctic fox, which lived there with mammoth, rhino, ox, deer, 
and horse. In the Russian Plain the “mixture’* of the faunas 
was particularly conspicuous at the time of melting of the 
ice-sheet (Riss) during the Aurignacian-Solutrean stage, when 
the deer, horse, ox, and others moved toward the space vacated 
by the ice-sheet and met there the lemming, arctic fox and other 
arctic animals already inhabiting it. The most typical rep- 
resentative of the Super-Paleolithic fauna of this time are the 
mammoth, rhino, short-homed bison, northern deer, musk-ox. 
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arctic fox, lemming, and horse. They are accompanied by the 
large carnivores (\v:olf, bear, cave lion), by steppe elements 
(jumping hare (jeriboa), and marmot), and by the forest dwel- 
lers (muskrat and beaver). But the giant deer, cave hyena and 
cave bear are absent here, and the giraffe and ox are also very 
rare. However, in the extra-glacial region especially in the 
stations of the end of the Super-Paleolithic, the ox was not 
rare (Dubovaia Balka near Dniepropetrovsk, Amvrosievka 
near Mariupol) . 

It is possible that the primitive ox {Bos yrknigemus) ^ also 
lived in the forests of this time, though as yet its remains are 
unknown in western Europe, not counting the group of Dniestr 
River stations. 

Such are the fundamental features of the Super-Paleolithic 
faunal complex which lived from the maximal (Riss) glaciation 
to the late Wiirm inclusive. However, in the course of this 
time the Super-Paleolithic fauna did not remain unchanged. 
Although for the whole territory of the U S.S.R. these changes 
seem to be insignificant, they can be recognized in its separate 
regions where the paleolithic data are known Thus, in the 
Crimean Aurignacian fauna the northern forms were diminish- 
ing in the upper Aungnacian, — a fact which is likely connected 
with the beginning of waning of the Riss ice-sheet. On the con- 
trary, in the Russian Plain, which is near the center of the 
glacier, the arctic species are widely developed even in Solu- 
trean, and the mammoth is quite characteristic among the large, 
thick-skinned animals of the stations of this age. It appears 
(though this needs confirmation) that by the end of the Solu- 
trean age, and especially at the beginning of Wiirm, within the 
glaciated region of the Russian Plain, the percentage of the 
comparatively warmth-loving animals is diminishing. A plaus- 
ible explanation^ of this could be as follows; the warmth-loving 
animals, which moved here following the retreating tongues of 
the Riss ice-s'heet, could not, however, find a suitable situation 
for a long subsistence, and, as they decreased considerably in 
the number of individuals, they were not able to survive the 
Wiirm age; thus the Wunn fauna assumed a more nearly 
uniform and stabilized, colder aspect, as compared with the 
preceding Riss-Wiirm fauna. 

The rhino and lemming which are among the characteristic 
representatives of tljte earlier stages of the super Paleolithic, 
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disappear fcy the 'beginning of the Magdalenian, and in the late 
Magdalenian the mammoth and arctic fox are absent. It is 
however, quite obvious that it is impossible to recognize here a 
succession of a “cold” fauna by a “warm” one. 

Albout the same successive changes can be recognized also in 
the Yenisei River stations. When taking into account, on the 
one hand, the geographic position of the stations, and, on the 
other hand, their faunal assanblages, it is permissible to dis- 
tinguish here too the faunas of Aurignacian, Solutrean, and 
Magdalenian ages, 

Epi'PcileoUtluc famut: The Epi-Paleolithic fauna, which is 
known to us largely from the Crimean stations, differs consider- 
ably from the Super-Paleolithic fauna by the absence of a whole 
group of the extinct species, such as the cave hyena and cave 
bear, giant deer, rhino, mammoth, and other, and also by the 
absence of the arctic forms. The Epi-Paleolithic fauna con- 
sists only of living species, but these occupy different areas of 
distribution in comparison with that in the Recent time. Char- 
acteristic of this fauna is the presence of the domestic dog, and 
for the Crimean fauna also the penetration of the European roe 
deer. 

Thus the faunistic data indicate a tieup of the history of the 
upper Paleolithic with the duration of time from the inaximal 
glaciation (Riss) almost to the end of the second half of Wiirm ; 
and the history of the middle Paleolithic, with the end of Mindel 
and the first half of Riss. 

None of the above described animal complexes is repeated in 
the Quaternary history; but they succeed each other in time, 
and are clearly genetically interconnected. As they gradually 
degraded under the impact of changing situation they disinte- 
grated into component parts, some of which died out, while the 
others, in a somewhat changed form, entered into new, grad- 
ually formed biocenoses. This history is particularly well 
traceable, for instance, in the Bovineae and Elephantidae. The 
Recent fauna, when compared with that of the Quaternary, is 
considerably impoverished, but its roots penetrate not only into 
the earliest Quaternary but descend even deeper into the Ter- 
tiary, where we find not a single living species at all. 

It is very significant that in the history of the fauna the 
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representatives of the arctic animals appear only once in such 
southern latitudes, which now tliey never reach. They do so at 
the beginning of the second half O'f the Quaternary. It is only 
natural that this observation brought about a skeptical attitude 
(especially from thfe biologists), toward the theory of repeated 
glaciations, which is now dominant among the Quaternary 
geologists. The existence of this difference of opinion, however, 
does not detract from the established stratigraphic value of the 
Quaternary mammals, which is now admitted by even the most 
extreme adherents to the theory of repeated glaciations. 

The reconstruction of the history of the Quaternary inverte- 
brates is at the present less complete. Thanks to the works of 

M. Zhukov, A. Eberzin, L. Davitashvili, A. Arkhangelskii, 

N. Strakhov, and others, we are now well acquainted with the 
Ohandinsk, Balinsk, Paleoevksinsk, Uzunlarsk, Karangatsk, 
Neoevksinsk, Paleochemoraorsk and Hozarsk faunas, which suc- 
ceed each other in the Black Sea and Caspian basins from the 
end of the Pliocene through the whole Quaternary. Although 
these studies have an undoubted stratigraphic significance, the 
history of these faunas as known at the present, concerns only 
the Caspian and Mediterranean forms. The changes in these 
faunas were explained as a consequence of the repeated freshen- 
ing and salimfication of the Black and Caspian seas, which, in 
turn, were essentially the consequences of tectonic movements. 
Only very recently some attempts have been made (by M. Zhu- 
kov) to interpret the history of the marine invertebrates from a 
phylogenetic point of view. The work by M. Lavrova on the 
fauna of marine mollusks has an equal stratigraphic importance 
for the division of the upper Quaternary in the north of the 
European, and, to some extent also, of the Asiatic parts of the 
U.S-S.E. However, the oldest of the faunas known to us, the 
so called Boreal fauna, is customarily assigned to Riss-Wiirm 
age. 

In spite of a considerable amount of work already done 
( J. Danilovskii, and others) on the fresh-water mollusks, their 
study apparently has not progressed beyond the stage of accu- 
mulation of material. Therefore, their stratigraphic signifi- 
cance is as yet not very great. 

Quaternary flora: The first discoveries of the Quaternary 
flora (Troitzk deposits) were made in the mneties of the last 
century. However, the paleobotanical investigations attained 



507 


, Stvdy of the Quaternary in the U.S.S.R. 

some' prominence only after the Octoher Revolution, at the 
beginning of the second ‘‘Five-year Plan.” At that time there 
were discovered in the territory of the European Plain a series 
of buried bogs with the seeds of Braseania, and their study 
was initiated by V. DokturovsHi and G. Mirchink. Since that 
time the findings of the fossil floras has increased greatly, and 
at the present the number of the known localities with the 
Quaternary flora probably is near a hundred. The broaden- 
ing of our knowledge of the Quaternary flora is to a consider- 
able extent due to the application of the spore and carpological 
analyses, which have been worked out by V. Sukachev, V. Gri- 
chuk, T. Pokrovskaia, P. Nikitin, E. Grunewald, and others. 
Thanks to their work, and also to that of I. Palibin, A. Krysh- 
tofovi'ch, S. Tiuremnov, and others, the essential course of the 
development of the Quaternary flora of the U.S S.R. may be 
already outlined, although the studies in the different territories 
of the Soviet Union are far from being equally advanced. Thus, 
it is possible to state with some confidence that at the beginning 
of the Pleistocene the flora of the U.S.S.R. was fundamentally 
close to that of the Recent, although the early distribution of 
its forms was substantially different. For instance, in the eastern 
Caucasus there were growing forms which are now inhabiting 
the western Caucasus, while in the forest-steppe region there 
was taiga together with the forms which now grow in Siberia. 
Besides, the lower Quaternary flora included several American 
elements and a series of extinct forms. However, even at that 
time the flora had an appearance indicative of a moderately- 
warm and moist climate, comparable to that of the present, 
as some of the still earlier evergreens disappeared even in the 
Caucasian Mountains. 

Thus, as in the case of the mammalian fauna, the refrigera- 
tion at the beginning of the Pleistocene is noticeably indicated 
in the flora. The plant-bearing deposit of the Lukhvinsk 
locality on Oka River, which the advocates of the repeated gla- 
ciations classify as Mindel-Riss, contains the most typical 
and undoubtedly the most ancient Pleistocene flora. This flora 
consists of fir, pine, birch, and, among the broad-leaved forms, 
elm, beech, hazelnut, and also Euryale feroce, E. europaea, 
Trapa natanSf and others, which indicate a warmer and wetter 
climate. Especially interesting is the find of Euryale, which 
now grows in Eastern Asia, beginning with Manchuria and far- 
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ther ta the south. A few investigators (G. Mirchmk, V. Dok- 
turovskii, S. Yakovlev) consider some other localities to belong 
to the same age, although in these the extinct forms are absent, 
particularly Euryale. Another locality for the flora of the 
same age is indicated by P. Nikitin in the Voronezh region (at 
Bemshinka village) where he found the remains of the American 
fern AzoUa and three species of Nymphaeaceae and Naiadales, 
— but the age reference of this flora must be verified by an addi- 
tional, detailed geological study. 

The next, or the so-called “Brasenia flora,” is known from a 
larger number of localities. It contains, as its most charac- 
teristic element, Brasenia purywrea (now living in the southern- 
most part of the Russian Far East, in Manchuria, Japan, 
Africa, and Australia), together with Aldrovanda vesiciiLase, 
T'rapa natans, Najas marma, and others. Much farther to the 
north and east of the ‘European part of the U.S.S.R. extended 
at this time such plants as Acer tataricvmii TUia platiphyUos 
(north to Moscow), and elm (to Galich). It is possible that 
the beech also extended farther to the north at this time. This 
flora, which according to the estimate of V. Sukachev, consists 
of upwards of 125 species of phanerogams and over 25 species 
of mosses, is usually referred to the Riss-Wiirm. No inter- 
mediate flora between the one with Brasema and that with 
Euryale, which, if the pluri-gladal theory is correct, should 
have had an arctic aspect, has been discovered. On the other 
hand, an arctic flora is known from the deposits which, accord- 
ing to the accepted sitratigraphy, are above the beds with the 
Brasenia flora and belong to the last Wiirm glaciation. 

The post-Glacial history of the forests has been worked out 
in great detail, especially for the north of the European part of 
the B,S,S,R. 

The flora of the Asiatic part of the U.S.S.R. is not so well 
known as that of the European part, but in this territory t 90 
the general trend of change in the flora was apparently the 
same; the inevitable refrigeration and the extinction of the 
warmth-loving forms. 

The investigations of the marine and fresh water diatoms 
-should also be mentioned. This branch of paleobotany devel- 
oped considerably only during the last two “Five-year plans,” 
thanks to the work by V. Sheshukova, A. Jouse, and, especially, 
V. Poretski. Although remaining, as yet, in the stage of accu- 



Stv>dy of the Quaternary m the U.S.S.R, 609 

mulation of record, the studies on the diatoms even now help to 
solve some stratigraphic problems. 

Buried SoUs: The buried soils are now being used in strati- 
graphic schemes by many Quaternary geologists, but as yet, no 
generally agreed method for their study has been developed. 
The undoubted considerable stratigraphic significance of these 
soils has been proved, for instance by V. Kroko'S, who differen- 
tiated with their help the loesses of the Ukraina, They were 
also similarly used by A. Moskvitin, and G. Mirchink, while E. 
Shantzer, used them for the deluvial deposits along Volga River. 
However, their stratigraphic significance has been infrequently 
overestimated: for instance when comparing the buried soils in 
the forests of Dniepro-Petrovsk with those along the Azov Sea 
shores. The use of the buried soils at the present apparently 
is limited primarily for rather local correlations, as they are 
useful horizon markers within limited territories only. They 
are also utilized for some paleogeographic reconstructions. 

Quaternary Tectonics i The study of the orogenies which 
undoubtedly played a considerable rble in the history of the 
Quaternary, emerged from the stage of mere accumulation of 
data only in the last decade. The syntheses of the Quaternary 
orogeny by G. Mirchink for the territory of the U.S.S.R., V. P. 
Nekho'roshev for Altai, N. Sokolov and G. Bystrov for Siberia, 
S. Schultz and G. Skvortsov for Tian-Shan, L. Vardaniantz, 
V. Rengarten and A. Reingard for Taman peninsula, and also 
by many other investigators, show that the studies of the 
Quaternary tectonics entered the stage of summing up, though, 
at the present, chiefly for the separate territories. 

These investigations established the existence of the lower 
Quaternary orogenic phase, which left its definite mark, in the 
form of both folds and faults, in the mountains of the European 
U.S.S.R., in the Caucasus, and, probably, in the Urals, Siberia 
and Central Asia. In geomorphic platforms these tectonic 
moves were expressed by epeirogenic uplifts and sinkings: for 
instance the uplift of the Ufimian plateau, of the Azov-Podolsk 
horst, the lowering of the North-Ukrainian depression, and 
others. To this orogenic phase, which Mirchink proposes to 
call Bakinsk, are probably connected the considerable rejuvena- 
tion of the river systems in the Central and Southern Urals, 
in the northern Caucasus and Transcaucasus, and in the basins 
of Oka River, the Volga River and a series of other places. 
Some explorers (L. Vardaniants) prove, that besides the Bak- 
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insk, an independent upper Quaternary erogenic phase has 
had an equal significance. However, even if the existence of 
this phase shall eventually be proved for the mountains, it 
affected the continental platforms only slightly, as G. Mirchink 
thinks ; in this respect it differs substantially from the Bakmsk 
phase. 

The Caucasus has been studied tectonically particularly well. 
According to the data by Remgard the head waters of the 
Kuban, Teberda, and Ullu-Kom Rivers have been elevated up 
to 1200 meters since the time of the Mendelian glaciation, and 
up to 400 mdters since that of the Riss, while Vardaniantz 
claims still greater elevations. 

In central Asia, where the magnitude of the Quaternary move- 
ments reaches many hundreds of meters, some special investiga- 
tions of the Quaternary elevations were undertaken in connec- 
tion with various engineering constructions (Chirchikstroi). 
Taking account of the Quaternary orogenies has a considerable 
importance in working out of the greater Volga problem, which 
involves construction of dams and other hydraulic structures , 
they are also important in estimation of the water balance of 
the Caspian Sea, in organization of melioration works at Kol- 
hida, and elsewhere. Thus the Quaternary tectonics, besides 
their purely scientific significance, are gaining year by year 
in practical importance, which, of course predetermines their 
further intense and useful study. 

Since the Octdber Revolution the stratigraphic and related 
geomorphologic investigations, which have already been men- 
tioned, were particularly successful. At the present we are 
entering the stage of building a general stratigraplhac synthesis 
which is based on the accomplished studies of various regions ; 
but this is being undertaken only for the European part of 
the U.S.S.R. which has been more nearly completely studied 
than the Asiatic part. However, even for the latter enormous 
territory we have already a series of summaries by V. Obruchev, 

J. Edelshtein, and others; thus even here we are on a way 
toward establishment of broad paleogeograp'hic reconstructions 
The first step in this direction was made by I. Gerasimov and 

K. Markov, who, in their monograph on the Glacial Period in 
the Territory of the U.S.SR. (1939) discussed a series of 
most fundamental problems which concern the geological his- 
tory of the Quaternary, and give a first paleogeographic recon- 
struction for the whole U.S.S.R. Being the first attempt of 
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such magnitude it is naturally not without some substantial 
shortcomings, but we cannot discuss them here. One of the 
most serious discords with the existing stabilized views on the 
simultaneity of the glaciation of Europe and Asia, is the defense 
by these authors of heterochrony of the glacial phenomena in 
western Europe and Eastern Si^ria, and of the consequences 
which follow from this view. 

The following main conclusions, which are based on the strati- 
graphic studies of the Quaternary in the U.S.S.R., seem to 
reflect in a general way, the fundamental views on the history 
of the Quaternary, which are shared by the majority of the 
investigators. 


NggL Pliocene. 

The Giinz glaciation is referred by some geologists to the 
Pliocene, but others place it at the beginning of the Quaternary, 
while still others doubt the existence even of traces of this 
glaciation. 

Russian Plain. Ergeni Sands with Eqvm stenonis (Latnaia, 
Voronezh region). 

Caucasus. Development of 175 meter gravel terraces with 
Elephas meridionalis on Kuban River. Khoprov sands with the 
fauna of Mastodon arvemensis, Hipparion sp., Elephas cf. 
plamfronsj and StrutJdo sp., which are located between Rostov 
and Taganrog (Azov Sea shores). 

Black Sea. Chauda Basin with Didacna cazecae, D. tschan- 
dae<i and many varieties of Dreissensidae, — placed at the end of 
Giinz or the beginning of Gunz-Mindel. 

Caspian Sea. The closed, saline Apsheronsk Basin, with 
Apscheronia propmqua, A. raricostata, Didacna ex. gr. inter- 
mediae and many varieties of Dreissensidae. 

NglM. Upper Pliocene. 

Some investigators regard it as a Gunz-Mindel interglacial 
epoch. 

Caucasus. The origin of the escarpment of 175 meter ter- 
race. Travertines of Lermontov bluff at Piatigorsk, with 
Elephas meridionalis. Terraces of Podkumok 120 meters high. 
Skifian clays of Azov shores. 

Russian Plain. Syi-t clays of Trans-Volga Region. 

Central Urals. Brownish red clays with quartz gravels upon 
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the erosion terraces which are above the botltoon lands. Closing 
stage of accumulation of the tertiary gravels (Imennov gravels) 
in the basin of Tura and Isa Rivers, and in Visim depression. 
The sites with Elephas meridioncblis in southern Urals 
(Kvarkeno). 

Siberia. Ishim fauna (?) 

Q^M. Lower Pleistocene (Mindel). 

Mmdel glaciation. Some investigators refer this glaciation 
to the Pliocene ; the majority, however, consider it of Quater- 
nary age and draw the Pliocene boundary below it. Still 
others, while agreeing with this boundary, do not consider the 
existence of this glaciation proved. On the other hand, a few 
other, contrary to the opinion of the majority, consider the 
Mindel as the time of maximal glaciation. 

Caucasus. The origin of the escarpment of the 100 meter 
terrace (at Batalpashinsk) and the deposition of the gravels 
upon it. The 100 meter terraces of Caucasian shores of Black 
Sea, which contain Clacton artifacts. 

The initiation of accumulation of Palvdina sands with Bison 
schoefensacki, and Elephas wusti, by the end of Mindel, at 
Taganrog. 

Black Sea. Paleoevksin basin with Didacna pontocaspia, 
etc., at the end of Mindel to beginning of Mindel-Riss. 

Caspian. Baku Basin, with Didacna rudis, D. carditoideSy 
D. parovla, — end of Mindel. 

Russian Plain. The glacial sheet reaches to 50® of north- 
ern latitude. The deposition of the third (from the top) hori- 
zon of loess in the Ukraine and other periglacial regions. 
Modeling of the recent valleys of the Dnieper and Don Rivers 
by the glacial streams The initiation of the deposits of Piviha 
Mountain and Tiraspol gravel with Palvdina diluvianay Elephas 
wusti, Cerous verticormSy etc., at the very end of this epoch. 
Swamp-mud formations in lower Volga Basin with Equm sp,, 
Rlmtioceros merckiy Elephas antiquus meridioncdisy Elephas cf, 
trogontheriiy large Unionidae, Pcdudmay etc., Kosozh and Sengil ! 
series. 

Urcds. The third terraces above the bottom lands in the 
basin of Tura and Isa Rivers. The initiation of the phase of 
a considerable rejuvenation of many river valleys. Erosion of 
the Tertiary deposits which fill the large meridional depressions 
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(for instance Tura depression). The fourth terraces in the 
lower Chusovaia River and the third terraces along many other 
rivers. 

Siberia. Sculpturing of the escarpments of 100 meter ter- 
races of Angara and Yenisei Rivers. Deposition of the fine 
mica-bearing blue sands with Elasmotherium sp. at Pavlograd. 
The gravels of the upper terrace of Ishim River with Alces 
latifrom. 


Qi\ Middle Pleistocene (Mmdel-Riss). 

The majority considers this a Mindel-Riss interglacial stage. 
Here belongs the Baku (Bakinsk) orogenic phase. 

Caucasus. Sculpturing of the escarpment of the 100 meter 
terrace at Batalpashinsk. Completion of the deposition of the 
Paludina sands with Elephas misti at Taganrog in the first half 
of this epoch. Lower (or the third from the top) horizon of 
the buried soils on the Azov shores, with numerous remains of 
Equidae and Bovinae ; and in its animal burrows, Cricetus cri- 
cetus and Spalacidae (in the first half of Mindel-Riss) ; also the 
stations of the Sutierian artifacts {Lakedomonovha) and of 
flint chips (Bessergenovka). The 60 to 40 meter terraces of 
Caucasian shores with Mousterian artifacts. 

Black Sea. Continued existence of the Paleoevksinsk basin 
(the first half of Mindel-Riss). 

Caspian Sea. The Baku transgression, which ends at the 
initiation of the Mindel-Riss epoch. The connection with the 
Paleoevksinsk basin and, through Uzboi, with the Sarykamysh 
lake-sea. Khozar transgression with DidacTia ex. gr. crassa 
Nal. (non Eichwald), Dreissensia es. gr. cas'^, D. celekemca, 
tJmo, Dreissensidae. Along the shores of the limany — the 
Khosar fauna with Elephas throgontheriif Bison priscus longi- 
corms, etc. Connection with Black Sea through Manych. 

Russian Flam'. Accumulation of the gravels on the banks of 
Kama River, and at Undory and Bdditiazhka on the Volga 
River, with the same Khozar fauna. 

The chain of the connected lakes along the Eastern European 
platform, which are fresh in the east and saline in the west — , 
i.e , the Mediterranean, Black Sea, Caspian and Sarykamysh. 

Urals : The lower part of the alluvium of the two upper ter- 
races in the mountainous part of the Urals, and the 2nd and 3rd 
terraces of the Ural foothills (Fore-Urals). 
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Siberia : Deposition of 'the gravels with the Khozar fauna in 
the valley of Irtysh River between Pavlodar and Omsk. 

Qiij Middle Pleistocene (Riss Glaciation). 

The majority consider it the epoch of maximal glaciation. 
^ Some refer the first traces of glaciation to the very beginmng of 
the Quaternary. 

Caucasus'. The deposition of the loess-like silts above the 
Mindel-Riss soil (shores of Azov Sea). The accumulation of 
40-50 meter terraces at Batalpashinsk, the second (from the 
top) horizon of the gravels at Krasnodar (the submerged ter- 
race). The remains of Ursus spelaeus rossicus Borissjak of 
the Ukrainian loesses. The marginal moraines of Tzebelda at 
400 meters of elevation. 

Formation of the marginal moraines between the stations 
Kumarinskaia and Georgievsko-Osetinskaia. Akhtyrskaia settle- 
ment at Sochi of Mousterian age. 

Usk settlement of the late Mousterian epoch at Krasnodar, 
with Elephas primigeniuSi Bison priscv>Sf Ursus spelaeus, etc. 

BlacJc Sea: Uzunlar basin with Mytilaster monterosatei, 
Cardium edide, Syndesmya ovata, etc. 

Russicm Plain' The two tongues of the ice sheet, one along 
the Don and the other along the Dnieper River, reach the lati- 
tude of 50°. The accumulation of 50-60 meters nver terraces. 
Formation of the second (from the top) horizon of loess in the 
extraglacial regions of Ukraina under continental climatic con- 
ditions. Astrakhan horizon of the red clays on the lower Volga 
Basin. The upper horizon of the moraine in Byelorussia and 
the Moscow region. The upper moraine of Odintsov. The site 
with Elephas primigenms under the Riss moraine at Putivl, and 
also of the Mousterian scrapers at Pushkari on the Desna River. 
Mousterian settlement at Kodak on the Dnieper River (the ini- 
tiation of the epoch?). 

Siberia: The considerable glaciation of the bare rocky high- 
lands of Eastern Siberia, the Altai and Saian. Formation of 
the stationary ice caps in the East (Yakutiia). The fusion of 
the Uralian, north Siberian, Novo-Ziemlian and Taimyrian 
glaciers in the Western Siberian lowland somewhat to the south 
of 60° northern latitude. The origin of a great lake or of a 
chain of lakes, which stretches to the south of the ice sheet and 
has been connected with the Aral-Caspian depression through 
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Turgai strait. The accumulation, of the alluvium of the 40-50 
meter terraces. 

Urals: The moraine in the lower Chusovaia River, near 
Molotov City. 

Qni Upper Pleistocene (Riss-Wiirm). 

Caucasus: The formation of the escarpments of the 35-45 
meter terraces of the Kuban River. The origin of the second 
(from the top) soil horizon of black earth type, and, in the 
lower places, of “low-land” type on the Azov Sea shores, with 
remains of Bovinae, Equidae, Spalacidae. The swamp deposits 
below Krasnodar City. 

Blaclc Sea: Karangat Basin with Tapes calverti, Cardium 
iuberctdatum and others. 

Russian Plain: The steppe zone generally coinciding with its 
present distribution. The buned peat deposits of Murom, 
Novye Nemykary, Loev, Drozhzhino, Potylikha, Galich, and 
others, with Brasema schroteri, Aldrowanda and Najas marina. 
The formation of the escarpments of the 40-50 meter terraces. 
The process of normal soil development (the upper buried soil 
in the loesses of Ukraina). The boreal transgression in the 
north in the basin of White Sea with Cardium edzde, C. fasci- 
atvm, CorbuZa gibla, Nassa reticulata^ etc. In the Pechora 
area the same with Cyprkia islandica, Mactra elliptica, Cardmm 
eduLe, Pholas, etc. 

The lower Yoldia transgression in the basin of Vaga and 
Onega Rivers. 

Settlements of Aurignacian-Solutrean stage in Ukraina and 
the Voronezh region. 

Siberia : The transgression observed at the mouths of the Ob 
and Yenisei Rivers, with Cyprina islandica, Mytilus edulis, 
Pecten islandicus, Balanus hammeti. 

Qiii Upper Pleistocene (Wurm). 

The majority regards this as the last independent glaciation. 

Caucasus : The glaciers did not descend at that time to the 
point of the confluence of the Kuban and Teberda Rivers. The 
accumulation of the gravels of the 15-20 meter terraces with 
Elephas primigenms. Rhinoceros antiquitatis. Bison priscus 
deminutus, etc. The upper horizon of the impure clays with 
the buried soil of the Azov Sea shoi-es. The 20 meter terraces 
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of the Black Sea shores of the Caucasus, with the upper Paleo- 
lithic culture. 

Black Sea'. The freshened Neoevksinsk basin with Micro- 
melama caspia, Cardivm edide, Monodacna pontica, Teodowus 
pallasi, and Lithoglyphus caspim, which is succeeded by the 
end of Wurm time by the saline Paleochemomorsk waters with 
Cardivm edvle, MptUus gaMoprovinckdiSf Verms gcdlma. Tapes, 
etc. 

Caspian Sea : The Caspian becomes considerably reduced and 
loses its connection with Black Sea basin. At the end of the 
epo'oh the Khvalynsk brakish water transgression is initiated, 
which has the fauna of modem type: Dreissensia polgmorpJia, 
D, rostriformis, Didacna protracta, D. praetrigonoides, D. ex. 
gr. trigonoides, etc. 

Russian Plam: The ice sheet reaches Minsk, Smolensk and 
Kalimn. The accumulation of the 15 meter terraces in the 
extraglacial region. The upper loess horizon of Ukrainia, 
with the horizon of the soil which separates it from the under- 
lying loess. The thaw of the Wiirm ice sheet. Paleolithic 
settlements of Borshevo II ; Magdalenian settlements. 

Urals : The completion of the accumulation of the second ter- 
race with the upper Paleolithic settlement of Talitsk at the 
mouth of Chusovaia River. These terraces are in the stage of 
being inundated. The accumulation of the first terraces above 
the present inundation. 

Siberia'. Local glaciation in the Mountains. In Western 
Siberia the ice sheet did not extend beyond the mouth of Irtysh 
River. The accumulation of the 15-20 meter terraces of 
Yenisei and Angara Rivers with the fauna of Elephas primi- 
genim antiquitatis. The contraction of the ice sheet ; the devel- 
opment of the forest-free spaces where now stretches the taiga 
of Central and Eastern Siberia. The upper Paleolithic settle- 
ment at Malta, on Belaia River near Irkutsk, with Elephas 
primigerms, Bison demvmtus, Vulpes lagopus, Rangifer tar- 
cmdus, RMnoceras antiqmtatis, etc., which belongs to the begin- 
ning of the glaciation in the basin of Angara River. 

Upper Paleolithic settlements of the Yenisei River basin: 
Afontova Mound I, II, III, and IV ; Kokorevsk group of settle- 
ments, Buzunovo, and others, with the fauna of Elephas prvm- 
germis in the earlier, and the same without the mammoth and 
arctic fox in the later settlements. 

Moscow, U.S.S.R. ' • 'i 



HOLCOCRINUS, A NEW tNADUNATE CRI- 
NOID GENUS FROM THE LOWER 
MISSISSIPPIAN. 

EDWIN KIRK.^ 

ABSTRACT. Ranging from the Devonian to the Permian are large num- 
ber of inadnnate crinoids which have a single plate in the posterior inter- 
radius. Many of these forms have been referred to Oraphioerimis. Sev- 
eral genera have been separated from this amorphous group m the past. 
In the present paper a new genus, HolcoerinuSt is proposed for a compact 
group of species from the lower Mississippian. In addition bo the de- 
scribed species here referred to the genus, there are several new species 
in the collections. 


HOLCOCRINUS, new genus. 

Genotype. — GrapMocrinus longicirrvfer Wachsmuth and 
Springer. 

Crown. Very high, compact. Owing to the great length and 
flexibihty of the arms they frequently diverge somewhat, distad. 
The arms as measured range from 10 to 17 times the height of 
the dorsal cup. The largest crown measured has a height of 
approximately 120 millimeters. It is probaible that some of 
the upper Burlington species were considerably larger than 
this. 

Dorsal ctip. Broadly turbinate to bowl-shaped in earlier 
species as seen. More narrowly turbinate to campanulate in 
most of the later species. In most species the plates are smooth. 
In some species the surface is granular, and there may even be 
irregularly disposed pustules. Among the later forms some 
species have depressed areas at their angles, wliich, in combi- 
nation with those of contiguous plates, form pits. The plates 
of the cup are relatively thin. 

IBB. The infrabasals are small but show clearly in lateral 
view. 

BB. Post B broadly truncate. 

RR, Large, articulating face extending the full width of the 
plate, linear. Suture gaping. 

IBr. Axillary. Stout, constricted medially. 

Arms. Long, relatively slender, flexible, with cuneate ossicles. 

^Published with the permission of the Director, Geological Survey, 
United States Department of the Interior. 
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Pintiules long. In later species the brachials often bear spin- 
ous processes. 

Tost IR. The single anal plate is large, extending far above 
the level of the RR. It bears a single large tube plate on its 
distal face. 

Ventral sac. The ventral sac is long, extending nearly to 
the tips of the arms or in some species beyond them. The struc- 
ture of the sac is unusual. Generally it shows beneath the arms 
as a flattened structure composed of linear senes of plates. It 
has been prepared in one specimen of the type species in con- 
siderable detail. Actually, the sac as preserved has the shape 
of a horseshoe in cross section. There is a deep ventral groove 
extending the length of the sac. Through lateral pressure the 
groove may be closed. Then the sac appears to be a tube with 
an oval or circular cross section. One assumes that in life the 
ventral groove was covered with pliant integument. In the prox- 
imal portion of the sac in the type species a vertical series of 
four large plates follows the anal plate. This senes is flanked 
on either side by a row of smaller plates. The fourth plate of 
the median series bears two plates on its distal faces. This 
gives four vertical series of relatively large, thin plates. Dis- 
tad each of the ventral, marginal rows breaks up into two rows 
of smaller plates. Proceeding distad the number of rows reverts 
to four, and near the tip, as preserved, there seem to be but 
three rows of plates, 

CoTmrm . — ^The column is pentagonal in section in early spe- 
cies and pentagonal with concave faces in later forms. This 
applies to the proximal portion of the column. As is so often 
the case, distad the column becomes obscurely pentagonal in 
section and doubtless would be found circular in section in 
its distal portion. In some species the column bears cirri to 
within a short distance of the crown. The lumen is pentagonal 
in outline. 

Distribution . — ^In America Holcocrkms is known in the Kin- 
derhook group (Hamjrton formation of Laudon) and the lower 
and upper divisions of the Burlington limestone of the Missis- 
sippi Valley. It is doubtfully identified in the upper part of 
the Borden group of Indiana. 

Relationsbvps, — GrapJiiocrmus has a saucer-shaped or patel- 
liform dorsal cup, with small IBB mostly concealed by the col- 
umn and not visible in lateral view. The arms are stout and 
composed of brachials with parallel or slightly sloping faces. 
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The anal tube is long, circular in section, stout, tapering grad- 
ually distad, and composed of relatively heavy plates. The 
column is circular in section. It will be noted in the generic 
description of Holcocrinus given above that the genus differs 
to a marked degree from Grapliiocrinus in all the characters 
noted. 

There seems to ibe no known Devonian ancestor for Holcocri- 
nus, The same is true for most of the lower Mississippian gen- 
era. In the upper part of the Borden group there is at least 
one undescribed genus that may have derived from Holcocrinus. 

Remarks. — ^Excepting Holcocrmus longicirrifer, specimens 
representing species of this genus are very rare. In part at 
least this rarity is due to the fragility of the specimens. The 
cup, except in the later species, is usually flattened and the 
plates apt to be dissociated. The arms as a rule are only 
partially preserved. 

Later finds in the upper Burlington limestone, particularly 
in the higher beds, have furnished new species of considerably 
larger size than any of the described forms. 

Holcocrinus longicirrifer (Wachsmuth and Springfer), new 
combination. 

Grapliiocrinus longicirrifer Wachsmuth and Springer 1889, p. 
193, PI. 15, Fig. 12; PI. 17, Fig. 14. 

“Kinderhook beds, Le Grand, Iowa.” (Hampton formation 
of Laudon.) 

Graphiocrinus longicirrifer Wachsmuth and Springer. Miller 
1889, p. 251, Fig. 325. 

GrapMocrinus longicirrifer Wachsmuth and Springer. Wachs- 
muth and Springer 1890, p. 193, PI. 15, Fig. 12; PL 17, 
Fig. 14. 

Graphiocrinus longicirrifer Wachsmuth and Springer. Laudon 
and Beane 1937, p. 260, PI. 18, Figs. 8, 9 ; PI. 19, Fig. 8. 

Holcocrinus.'* nodohrachiatus (Hall), new combination. 
Scaphiocrinm nodohrachiatus Hall 1861, p. 8. 

“Keokuk limestone.” 

Scaphiocrinus nodohrachiatus Hall. Hall 1861a, p. 314. 

“. . . rocks of the age of the Keokuk limestone, Crawfords- 
ville, Indiana.” (Upper part of Borden group.) 
Scaphiocrinus nodohracMatus Hall. Hall 1872, PI. 6;^^ Fig. 2. 
Poteriocrmus nodohrachiatus (Hall). Wachsmuth and Spring- 
er 1880, p. 120 (343). 
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This species is based on a segment of the arms of an madun- 
ate crinoid. The specimen is now in the Springer collection in 
the United States National Museum. In all the large collec- 
tions from the Crawfordsville region this seems to be the only 
specimen. The structure of the arms is consistent with that 
of Holcocrimis and with no other known genus. It is therefore 
referred to the genus with a query. 

Holcocrinus smythi (Wright), new combination. 
Graphtocrinus smytM Wright 1984, p. 268, PI. 15, Fig. 8, 
Text-fig. 28. 

“Supra-dolomite beds, Hook Head, Co. Wexford, Ireland.” 
This species, judging by the brachials, is based on an imma- 
ture specimen. The dorsal cup is somewhat shallow for the 
genus, but the cuneate brachials, long, slender ventral sac, vis- 
ibility of the IBB in lateral view, and the pentagonal column 
argue strongly for the inclusion of the species in Holcocrinus. 

Holcocrinus spinobrachiatus Hall, new combination. 
Scaphiocrmus spmoiracMatUfS Hall 1861, p. 8. 

“Burlington limestone.” 

Scaphiocrirms spmohracMattts Hall. HaU 1861a, p. 306. 

“Burlington limestone, Burlington, Iowa.” (Lower Burling- 
ton.) 

GrapMocrkms spinohracMatibs Hall. Wachsmuth and Springer 
1880, p. 123 (346). 

The dorsal cups of this species are usually flattened, giving 
them a more broadly turbinate to bowl-shaped appearance than 
is really the case. 

Holcocrinus wachsmuthi (Meek and Worthen), new combina- 
tion. ' 

Pateriocrmus (Scaphiocrmus) wachsmutM Meek and Worthen 
1861, p. 141. 

“Burlington limestone, Burlington, Iowa.” (Lower Burling- 
ton.) 

Boieriocrhms {Scaphiocrimis') wacTismuthi Meek and Worthen. 

Meek and Worthen 1868, p. 488, PI. 16, Figs. 7a, b. Text-fig. 
GrapTdocrinus wachsmuthi (Meek and Worthen). Wachsmuth 
and Springer 1880, p. 123. 
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The Theory of Resonance and its Application to Organic Chem- 
istry; by George Willard Wheland. Pp. vi, 316. New York, 
1944 (John Wiley and Sons, $4.60). — One of the important needs 
after the War will be for books which gather together and interpret 
the progress which has been made during the last decade or so, 
and which correlate it with and show it in perspective against the 
earlier scientific achievements. Such books will be invaluable to 
the student now in the Services who returns to civilian life, as 
well as to the teacher who has perhaps found too little time for 
keeping up with the “literature.” Professor Wheland’s book fills 
this need in the field of resonance theory as applied to organic 
chemistry. 

The contents of this volume may be described through the chapter 
headings. (1) The theory of resonance. In this chapter there 
is given a “rather detailed, but non-tecjhnical and actually non- 
mathematieal, discussion of the essential fundamental principles” 
(p. riii) of resonance theory, which is yet rigorous and clear. (2) 
The nature of valence. This chapter is a review of fundamentals 
and contains a particularly good section on the hydrogen bond. 
(8) Resonance energy. This is a discussion of methods of measur- 
ing or calculating resonance energy of molecules and includes a 
very interesting brief discussion of hyperconjugation. (4) Steric 
effects of resonance. Here is treated ihe effect of resonance in 
producing symmetry in certain molecules, radicals and ions ; in pro- 
ducing coplanarity; and in affecting the distances between atoms 
in different types of bondings. (6) Resonance and dipole moments. 
(6) Resonance and molecular spectra. This is a discussion of some 
of the ways in which the concept of resonance has helped to reconcile 
molecular structures and observed spectra. (7) Resonance and 
chemical equilibrium. This very important chapter shows how 
resonance theory can help one to understand why various structural 
changes in organic molecules influence the positions of chemical 
equilibria (i.e., acid and base strengths, addition reactions, forma- 
tion of free radicals, tautomeric equilibria) as they do, and how 
it helps to predict effecte and choose optimum conditions for desired 
results. (8) Resonance and chemical reaction, A discussion of 
the ways in which resonance can affect the course of a chemical 
reaction and its rate by influencing the stabilities of reactants, 
activated complex and products. 
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It is apparent that this hook covers a very broad field, as broad 
in fact, as organic chemistry. While the emphasis is primarily upon 
the aspects of the subject which the concept of resonance can 
clarify, yet other points of view are brought in from time to time. 
Thus the reader feels that though he is restricted by necessity to 
the careful consideration of resonance concepts yet he is not allowed 
to lose sight of alternative treatments. This contributes greatly to 
the breadth of the work. 

Another important feature of the book is that it can be used as 
a text or a reference book since it is a synthesis of both. It is 
very thoroughly documented, and the author makes useful comments 
in the footnotes with regard to some of the references he gives. 
In addition, phrases and sentences such as the following: “The 
correct explanation of the facts is not known at present" (p. 204) ; 
". . . the two final predictions, however, appear not to have been 
tested experimentally" (p. 262), illustrate a stimulating feeling 
of incompleteness which appears throughout the book. There is 
always the suggestion that better treatments are possible, that thus 
and so needs further investigation, so that the reader, while being 
made aware of what has been done, is conscious of being led to the 
expanding edge of knowledge in the field. This cannot help but be 
challenging. The Reviewer would have liked to see in this book 
a chapter or section devoted to the new ways of thinking which 
have led to the symbols of the resonance theory. This is not treated 
explicitly anywhere, though there is some implied feeling for this, 
particularly in the section on hyperconjugation. 

This volume is worth the reading by every active organic chemist 
for even if he has kept up well with current literature yet here is 
a review, and an in itself interesting synthesis which is well written, 
clear and stimulating. 

The book is well made, the type clear and remarkably free from 
misprints; the reviewer noticed only two. A most useful feature 
of the book is an appendix which is a table of interatomic distancea 
in organic molecules. 

HAHonn G. cAssroy. 

Ebulliometric Measurements i by W. Swietoslawski. Pp. xii, 
228; 64 figs. New York, 1946 (Reinhold Publishing Corp.; $4.00). 
— “To the memory of those who gave their lives for Poland and 
Warsaw,” Thus this book is dedicated. It has been largely through 
the work of the author, now in this country, and his collaborators 
that the methods of ebuUiometry have been advanced to their pres- 
ent high precision. The former book “EbuUiometry” has been 
rewritten and adapted to the American reader. 
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The wide variety of investigations which may he carried out 
using ebulliometric methods are easily observed from the chapter 
headings. The first four chapters discuss the methods and appa- 
ratus used and give a review of the -type of boiling mixtures encoun- 
tered. The other chapters are: Determination of the Degree of 
Purity of Liquids^ Applications of Ebulliometers to the Study of 
Azeotropyj Purification of Liquid Substances and Microebulliometric 
Determination of Impurity Content, Microebulliometric Determina- 
tion of Moisture Content, Microebulliometric Determination of 
Impurity Content of Solid Substances, Ebulliometric Examination 
of Thermal Resistivity, Microebulliometric Determination of the 
Amount of Vapors Adsorbed by Solid Substances, Macroebullio- 
metric Determination of Moisture, Molecular Weight Determin- 
ation of Solid Substances, Boiling and Condensation Phenomena 
Observed under High Pressure, Ebulliometric Measurements Under 
High Pressure, Determination of the Solubility of Solid Substances, 
Ebulliometric Method of Determination of Equilibrium Constants, 
and Ebulliometric Examination of Physiochemical Standards. The 
type of ebuUiometer and the methods used for these various deter- 
minations are discussed -together with the data of a typical experi- 
ment. 

It is possible that with the publication of this book the methods 
of ebulliometry will have wide spread use in the chemical labora- 
tories of this country. 

SCOTT E. WOOD, 

Fundamental Principles of Physical Chemistry i by Carl F. 
Prutton and Samuel H. Maron. Pp. x, 780. New York, 1944 
(The Macmillan Co., $4.60). — The scope of this excellent new text- 
book of physical chemistry can be no more concisely summarized 
than by a quotation from the authors’ introduction; 

“The present text starts with a discussion of the behavior of 
gases, liquids, solids, solutions, and colloids. This discussion em- 
braces the first eight chapters, except for Chapter II, in whicli 
certain necessary elementary principles of thermodynamics are 
introduced. These principles of thermodynamics are extended in 
Chapters IX, X, and XI, and are applied to a consideration of 
chemical equilibria in Chapters XII, XIII, and XIV. Beginning 
with Chapter XV and extending through Chapter XVIII there is 
given an exposition of the principles of electrochemistry, i.e,, the 
interaction of matter and electricity. This is followed by a con- 
sideration of the rates of homogeneous reactions. Chapter XIX, 
and heterogeneous reactions. Chapter XX. Finally, in Chapters XXI 
and XXII, accounts are given of our knowledge of atomic and molec- 
ular structure, while in the last chapter the information of atomic 
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and molecular structure is applied to correlation of physical prop- 
erties with chemical constitution.” 

There are many features of tiiis text which are pleasing to this 
reviewer. In Chapter I there is given a rather complete elementary 
discussion of the kinetic theory of gases. The very brief discus- 
sions in some other texts are likely to serve best as sources of mis- 
conceptions on this important matter. Again^ the early introduc- 
tion and use of the thermodynamic method is to be applauded. As 
early as Chapter II direct use is made of general thermodynamics. 
Such a procedure does have a slight disadvantage. The student 
cannot appreciate the full meaning of a general formula at so 
early a stage. But if his appreciation does not grow, the student 
is busying himself with the wrong subject in any case. 

The authors have supplemented each chapter by a list of ref- 
erences for further reading and by a group of problems. The ref- 
erences are large in number ; it would seem that most of the important 
monographs and text-books in English bearing on physical chem- 
istry have been mentioned. The problems are good. During the 
later stages of a course the instructor may want to supplement those 
given with others of a more detailed nature having a closer rela- 
tion to the scientific and technical literature of the subject. 

While errors are not numerous there are a few which might con- 
fuse the student. A peculiar interchange of symbols has occurred 
in the derivation of the phase rule on page 882. If the algebra had 
remained accurate after this interchange the conclusion drawn 
would be most astonishing. An erroneous statement regarding the 
sign of a rate expression occurs on page 610. The minus sign 
before dC/dt has, of course, nothing to do with the fact that the 
rate may decrease with time. (In the same paragraph specie is 
used as the singular of species.') § The typography is simple and 
clear and the book manufacture good. 

This text should receive a warm reception by instructors in seri- 
ous courses on physical chemistry, the more so now that the time 
appears to be near when we can drop acceleration and return to 


education. 


HENRY C. THOMAS. 


TeaibooJe of Organic Chemistry i by E. Wbrtheim. Second Edi- 
tion. Pp. xiv, 866; 118 figs., 2 plates. Philadelphia, 1945 (The 
Blakiston Co., $4.00). — ^The second edition of Wertheim’s book, like 
the first (see Amer. Joxtr. Sci. 607 (1939) follows the con- 
ventional order of presentation of topics and contains only minor 
changes from the former edition. The positions of several chapters 
in the latter part of the book have been rearranged but the content 
of most chapters is little changed. The review questions and charts 
have been expanded and two full color plates showing scale molec- 
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ular models have been introduced. One of the best features of the 
book is the inclusion of liberal references to original articles at the 
end of each chapter; these form a good basis for supplementary 
student reading. james English, jr. 


Miscellany. 

Telescopes and Accessories , by George Z. Dimitropp and James 
G. Baker. Pp. v, 309; 146 figs. Philadelphia^ 1946 (The Blakis- 
ton Company, $2.60). — There are relatively few books on the sub- 
ject of telescopes, and for this reason this seventh volume in the 
series of Harvard Books on Astronomy will be a welcome addition 
to many library shelves. In judging its qualities it is necessary to 
keep in mind that the aim was to appeal to a wide audience, includ- 
ing the lay reader, the amateur astronomer interested in making his 
own telescope, as well as the professional astronomer. This made 
it necessary to limit the discussion of subjects such as coma, spher- 
ical aberration, the performance of multi-lens cameras, and Schmidt 
cameras to a descriptive treaianent. While this makes good reading, 
it may leave the wish for an appendix with some of these matters 
more precisely stated. The authors have frequently used the device 
of introducing a rapid summary of techmcal details after a leisurely 
descriptive treatment. These changes of content are so noticeable 
in some chapters that the reader often wonders whether he distin- 
guishes the contributions by the individual authors. 

The subject of the optics of telescopes occupies the earlier chap- 
ters; the last two chapters deal with the mechanical features of 
the larger instruments, one being devoted to instruments for solar 
research. Amateur telescope making receives only brief treatment, 
but the reader interested in this subject will nevertheless find much 
useful information. A considerable portion of the book is occupied 
by chapters on photography, on instruments for measuring the 
intensity of light, and on astronomical spectroscopy. 


niRK BROUWER. 
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SCIENTIFIC EXPLORATIONS IN 
SOUTHERN UTAH. 

HERBERT E. GREGORY.^ 

ABSTRACT. The salient geogmphic features of southern Utah were 
briefly described and crudely mapped m 1776 by the Dominquez-Escalante 
Expedition Additional information, especially for the Virgin River valley, 
was given by the fur traders — Jedediah Smith (1826) and Williaia Wolf- 
skill (1830) ^nd before 1870 the Mormon pioneers had explored most of 
Utah west of the Glen Canyon in search for agricultural and grazing land 
and sites for settlement Scientific investigation result ng in maps, i^jxjrts, 
descriptive of the topography, geology, plant and animal life, and mineral 
resources has been the work of Federal agencies beginning in 1853 m 
southwestern Utah, 1869 in the San Juan County and 1869 along the 
Colorado Canyem. It concerns chiefly the activities of exploring parties 
under the direction of Fremont, Macomb, Powell, Wheeler, Hayden, and 
the Geological Survey. 


Intbodvction. 

K nowledge of the topography, geology, and natural 
history of southern Utah came late, after adjacent regions 
had been explored — ^in fact, after most other parts of the United 
States had been represented by reconnaissance maps. By the 
middle of the nineteenth century northern Utah was fairly well 
known. Salt Lake was found by James Biidger in 1824, and 
during the decades 1830-1850 Green River, the Uinta Moun- 
tains, and the Wasatch Mountains were explored by trappers 
and prospectors, trading posts and mihtary stations were estah- 
lisihed, and the old “Spanish Trail” through western Colorado 
and north central Utah was a much-used highway. For parts of 
this region maps and geographic descriptions had been pre- 
pared by Bonneville (1832-33), Fremont (1842-45), Stanshury 
(1849-50), Gunnison (1853), and King (40th Parallel Survey, 
1868). Likewise, before 1860 the lands south of the Grand 
Canyon of the Colorado had been traversed many times by 

^‘Silliman Professor of Geology, Emeritus, Yale University; Geologist, 
U. S. Geological Survey. 
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Spanisih military and ecclesiastic officiq,ls, who left reports of 
their observations on scenic features, soil, climate, and espe- 
cially the native inhabitants. The information recorded by 
Diaz (1540), Cardenas (1540), Onate (1604), Carces (1775), 
Fout (1777), and other priests and adventurers, while travel- 
ling back and forth from Mexico or Santa Fe to California in 
search of suitable sites for missions, was greatly increased by 
the military and geographic explorations of Emory (1847), 
Derby (1850), Sitgreaves (1851-52), the United States and 
Mexican Boundary Commission (1849-1855), Whipple (1854), 
Parks (1855), and Ives (1857-58). Of the early Spanish 
explorers only Cardenas (1540) reached the Colorado River, 
and only Escalante (1776) crossed it. Likewise the pioneer 
scientific expeditions stopped at the brink of the Grand 
Canyon and saw little reason for going beyond. Thus Ives 
remarks: (1)* 

“Ours has been the first and will doubtless be the last party of 
whites to visit this profitless locabty. It seems intended by nature 
that the Colorado River, along the greater part of its lonely and 
majestic way, shall be forever unvisited and undisturbed.” 

For southern Utah the -earliest geographic descriptions are 
by Escalante (1776) -and the two energetic fur traders, Jede- 
diah S. Smith (1826) and WalKam Wolfskill (1830). But for 
nearly a century the famous “diary” of Escalante remained 
buried in the -archives of Spain and Mexico. Smith’s original 
account seems to have lain unnoticed in the government files until 
interpreted by Sullivan, (2) and the observations of Wolfskill 
have but recently been made accessible — chiefly by Camp who 
reproduces the record of Yount, a member of the Wolfskill 
expedition. (2a) For the 20 years that followed the establish- 
ment by Wolfskill of a feasible route to California, the explo- 
ratory record is barren ; during this period no available manu- 
script or printed paper reveals knowledge of any part of 
soutihem Utah except .along the Old Spanish Trail through Iron 
and Washington Counties. In fact -southern Utah was prac- 
tically unknown until systematic scouting by the Church of 
Latter Day Saints introduced the epoch of colonization. 

Between 1850 and 1870 cfBcjal-s of the Church had become 
familiar with the water -supply, the soil, and farm lands in Ash, 
Virgin, Parunuweap, Eanab, Johnson, Sevier, and Paria Val- 

* Numbers in parentheses indicate the references at the end of the paper. 



Scientific Earploratiom m Southern Utah. 529 

leys, and along the base of the Hurricane Cliffs ; with the tim- 
ber and grazing resources on the Markagunt and Kaibab Pla- 
teaus and Pine Valley Mountains ; and with the grass lands on 
the Kolob Terrace and south of the Vermilion Chffs. Before 
1880 the potential agricultural resources of the Upper Sevier, 
the Escalante, and the San Juan Valleys were known. Por the 
purpose intended — ^primarily the selection of sites for settle- 
ment — these Mormon explorations were remarkably complete. 
On them were based the developments that have given southern 
Utah its unique position among regions dependent on irrigation 
farming and stock raising. However, these surveys were con- 
cerned almost wholly with matters that immediately affected 
tlie welfare of the adventurous pioneers and therefore in a 
geographic sense lacked many desirable features. They are 
i-epresented in the literature by brief newspaper items that say 
almost nothing of the topography and drainage and are unac- 
companied by maps. Notable exceptions are the records of 
the expedition led by Parley P. Pratt (1851) into Ash Creek, 
Santa Clara, and Virgin Valleys; the report of the master 
scout John D. Lee and his associates (1852) that made known 
the geographic features of Markagunt Plateau, the upper 
Parunuweap Valley, and the Vermilion Cliffs ; and the account 
of Capt. James Andrus (1866) of his journey up Paria Valley 
and into Potato Valley (Escalante Valley) ; and the several 
reports of Jacob Hamblin that concern his search for feasible 
crossings of the Colorado canyons, finally resulting in the 
estaiblishment of Lees Ferry (1870). Thus it has come about 
that the scientific knowledge of southern Utah — mapping and 
the description of the topography, geology, plant and animal 
life, mineral resources — ^is recorded by Federal surveys, begin- 
ning 1853 in southwestern Utah, in 1869 along the Colorado 
canyons, and in 1859 in the San Juan country. It concerns 
chiefly the work of parties under the direction of Fremont, 
Macomb, Hayden, IVheeler, and Powell. 

It seems worthy of note that the first systematic records of 
the geography and geology of the Colorado plateaus were made 
by the United States Army during the course of military sur- 
veys and the search for feasible railroad routes from the Mis- 
souri River to the Pacific. Recognizing the Colorado canyons 
as impassable barriers, most of the Array expeditions passed 
through central Arizona or northern Utah. Only those led by 
Capt John C. Fremont, Captain J. N. Macomb, and Lt. George 
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M. Wheeler conducted operations in -southern Utah and in 
Arizona north of Grand Canyon. 

EXPLOKATIONS WEST OF GLEN CANYON 
ENTRADA OF ESCALANTE. 

The diary of Escalante (1776) and the accomipanying map 
outline for the first time the salient topographic features of 
southern Utah and northern Arizona. (3) Most of the 
descriptions in the text, though bnef and written in unscientific 
language, apply fairly well to the landscape of eastern Iron 
and Washington Counties and of Kane and San Juan Counties 
as analyzed by more recent surveys, and on the -crudely drawn 
map the major mountain ranges, the rivers, and the cliffs are 
shown in their approximate positions. Features reco-gnizable 
include the Hurricane Cliffs south of Cedar City, Ash Creek 
Valley (N. S. Pilar, Rio de Nuestra Senora de Zaragosa), Pine 
Valley Mountains, Toquervilie (S. Ugolina), Virgin River (Rio 
de les Piramides Sulfurio), Fort Pierce Wash (?) (Arroyo dc 
Tarai), Uinkaret Mountains, northern Uinkaret Plateau (Este 
la Mesa y sin Aqua), Pipe Springs (Jubuin Carin S. Samuel), 
Kanab and Johnson Valleys (Sta. Barbara), Navajo Wells, the 
Kaibab Plateau, lower House Rock Valley (S. Bartolome), 
Paria River (Rio Santa Teresa), Sentinel Rock Creek (Rio San 
Diego), and the Indian ford across the Colorado (El Rio 
Grande Colorado) now known as the Crossing of the Fathers. 
On the map the rugged lands in the Zion Park region (Sierra 
Blanca) and the Kaiparowits Plateau are represented and also 
the Table Cliffs (Sierra de los Suacaros) as seen from a dis- 
tance of 40 miles. 


FREMONT EXPEDITIONS. 

On his second expedition to California, Capt. John C. Fre- 
mont spent two months (August and September, 1843) m 
northern Utah. His return route followed substantially the 
“Old Spanish Trail” along Virgin River, Santa Clara River, and 
the base of the Wasatch to Timpanogos Lake, renamed by him 
Utah Lake. In passing over the Beaver Dam Mountains, and 
up the Santa Clara River and Magotsu Wash to Las Vegas de 
Santa Clara [Mountain Meadows] dn the present Washington 
' County (May 10-16, 1844), Fremont noted' the marked change 
in vegetation, topography, and geologic structure: the moun- 
tains “here began to be wooded with cedar and pine and clusters 
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of trees gave shelter to hirds — a new and welcome sight — ^which 
could not have lived in the desert we had passed. . . . The stream 
[Santa Clara River] is prettily wooded with sweet cottonwood 
trees ... a different species from any in Michaux’s Sylva . . . 
the snowy mountains on our rig'ht [Pine Valley Mountains] 
shoAved out handsomely — higOi and rugged with precipices, 
and covered with snow for about two thousand feet fiom their 
summits down.” In crossing the low divide at the head of Moun- 
tain Meadows, Fremont realized that he had left the Colorado 
drainage system and entered a region of interior drainage, the 
southern edge of the great region that includes Sevier Lalce, 
Salt Lake, and innumerable salmas, playas, and rugged moun- 
tain masses between the Wasatch and the Sierra Nevada. “We 
considered ourselves as crossing the rim of a basin.” For this 
vast area he adopted the term “Great Basin” which has become 
fixed in geographic literature. 

On his second expedition (1843-44!), also on his third expedi- 
tion (1845-47), Fremont followed few trails not previously 
traversed by Santa Fe traders. His chief part in “breaking 
the wilderness” was observation and painstaking record and 
the preparation of comprehensive reports which aroused the 
interest of government officials, of scientists, and laymen. On 
has fifth expedition (winter of 1853-1854) undertaken to locate 
“a central route” for a railroad to the Pacific, Fremont tra- 
versed new" country in eastern Utah and in southern Utah 
visited the stockaded villages of Parowan and Cedar City — the 
first permanent settlements (founded in 1851). His route 
crossed Green River near the mouth of the San Rafael — south of 
previously knoAvn crossings — ^followed the San Rafael River for 
a distance, then the front of San Rafael Swell to an unknown 
river (Fremont Riiver) and up the river through Rabbit Valley 
to the Awapa Plateau south of Fish Lake. The route then led 
down Otter Creek (Grass Valley), down the East Fork of 
Sevier River, and up the Sevier to Circle Valley, and across 
the southern Tushar plateau to the Salt Lake-Califomia road. 
The brief account of this traverse by Fremont (3a) supple- 
mented by Carvalho, (4) artist to the expedition, and by 
Bigelow (6) is a story of endurance and resource. 

After we crossed the Green River the whole party was on 
foot. The horses were used for food. Before reaching the 
Sevier “we lived on horse meat fifty days.” To release the 
pack mules for riding, all “superfluous baggage was cached— 
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pack saddles, bales of cloth, travelling bags, scientific instru- 
ments, gun powder, and lead ; nothing was to be retained but 
the actual clothing necessary to protect us from the inclemency 
of the weather.” The last stages of the journey, three days of 
wandering through the mountains northwest of Panguitch, 
was particularly hazardous. Over rough ledges through snow 
“up to the bellies of the animals” with “temperatures below 
zero” a trail was broken. “None of us had shoes ; some of the 
men had raw hide strapped round their feet, while others were 
half covered with worn out stockings and moccasins. We were 
reduced to rations of dried horse meat” and “forty-eight hours 
without food of any kind.” On February 7 the party entered 
a “defile of the mountains” (now known as Fremont Pass) and, 
following ^‘the dry bed of a stream,” found ruts of wagon 
wheels on the plain below (Buckhom Flat) . The next day the 
stragglers reached the settlement of Parowan, but in desperate 
plight. “The whole of my party were all exhausted and broken 
up.” Several of the men had to be earned. One died on the 
trail. “At Parowan the Mormons treated us very kindly ; every 
family took in some of the men, putting them into clean, com- 
fortable beds, and kind-faced women gave them reviving food 
and pitying words.” In a letter to his sister Fremont wrote, 
“The Mormons saved me and mine from death by (Starvation.” 

In an account of this expedition the Deseret News (July 5, 
1854) reports: “the two Spaniards which Fremont sent back 
for some cached articles had been killed. * * * Soon after the 
Spaniards took out the articles, some Indians rushed upon 
them, killed them, and took the property, scattering the con- 
tents of the mail sacks and destroying the surveying instru- 
ments.” On February 21, 1854, Fremont continued his jour- 
ney to California with such members of his expedition as were 
able to travel, the sick remained at Parowan for several months 
or were taken by wagon to Salt Lake City for special treatment. 

The widely distributed reports of the Fremont expeditions 
are outstanding contributions to western history. They had 
no small influence in the controversies that led to the acquisi- 
tion by the United States of northern Mexico — ^lands in the 
present Arizona, Utah, Nevada, and California, and they are 
known to have influenced the Mormons in their choice of a field 
for colorazation. Unlike the trappers and traders who left 
scant record of their travels, Fremont mapped his route, made 
astronomical observations for latitude and longitude, collected 
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plants and geological specimens, (studied by John Torrey and 
James Hall), and recorded information regarding forage, tim- 
ber, water supplies, and the native inhabitants. His account 
is a straightforward geographical narrative. “The report like 
the maps which illustrate it will be strictly confined to what 
was seen, and to what is necessary to .show the face and charac- 
ter Otf the country, and to add something to science while ful- 
filling the instructions of the government which chiefl.y con- 
templated a military topographic survey.” (6) 

WHEELEE SUEVEY, 

The Wheeler Survey (ofiicially the U. S. Geographic Sui> 
veys West of the One Hundredth Meridian in charge of Capt. 
Geo. M. Wheeler), was the most extensive and elaborate scien- 
tific investigation ever undertaken by the Engineer Corps of 
the United States Army. Though not organized on a regional 
scale until 1872, the Survey was in reality -a continuation of 
the exploratory expeditions in 1869 and 1871. As described 
by Wheeler (7) the survey authorized by Congress (June 10, 
1872) 

“was a plan substantially for a complete, connected, continuous, 
detailed topographic survey (with associated natural history obser- 
vations) of the territory of the Umted States west of the one him- 
dredth meridian with primarily a resultant topographic map, scale 
1 inch to 8 miles, to be in the main an aid to military administration 
and operations, to occupy about 16 years and to cost in all not 
exceeding $2,600,000 ... It was to have been the first great general 
survey of the country during its initial stages of settlement.” 

This ambitious project for detailed mapping, evaluation of 
the natural resources, and description of the geology, botany, 
and zoology within an area of 1,443,360 square miles was not 
completed, but before field work ended (1879) and the compila- 
tion of maps and reports was discontinued (1884) the survey 
had made an invaluable contribution. The 50 published sheets 
of the Wheeler topographic atlas cover 326,891 square miles 
and manuscript sheets an additional 31,174 square miles — areas 
that embrace 66 per cent of New Mexico, 54 per cent of Ari- 
zona, 32 per cent of Colorado, 46 per cent of Utah, 60 per cent 
of Nevada, 41 per cent of California, and considerable areas in 
Idaho and Oregon, The layger illustrated volumes o.n geology, 
paleontology, zoology, botany, and archeology are introduc- 



Scientific Eicplorations m Sowthem Utah. 535 

tions to fields of great scientific interest, and the 9 annual prog- 
ress reports, 18 special reports, and the final comprehensive 
report (1886) give information about mineral deposits, timber, 
arable land, grazing areas, water supply, routes of travel, and 
native races that must have been welcomed by the host oif immi- 
grants who sought homes west of the RocMes. 'Hie reports 
and recommendations served also as guides in legislation. 

In southern Utah studies were made by the Wheeler Survey 
in 1871 and 1872. In. 1871 the lower Virgin River Valley was 
mapped ; in 1872 the Survey staff of 26 scientists and engineers, 
6 officers, 50 privates, 2 guides, and a score of packers, herders, 
and laborers mapped the region northward from the Grand 
Canyon wdl onto the High Plateaus and eastward from 
Nevada to the Crossing of the Fathers in Glen Canyon- 
Regarding his pioneer traverse of the Markagunt Plateau 
Wheeler (8) writes; 

“Skirting the rim of the plateau a break in the wall is finally found, 
and the train taken down into a box canyon along a descent having 
an angle of fully 66° at the head of La Verken Creek. The sum- 
mit of the southern rim (of the Markagunt Plateau), at an altitude 
of over 10,000 feet, affords one of the finest panoramic views then 
witnessed (1872) — the Virgin River lymg at our feet, the Colorado 
Canyon in the distance, plateaus, canyons, and mountains to the 
east, mountains high and frowning to the north, and the moun- 
tains and desert to the west and southwest, the ranges bordering 
the Colorado, especially the Virgin. Below us lay the brown and 
black bristling ridges of the eroded mesas that for grandure of 
beauty and desolation of appearance far surpass all that words can 
express. Clambering along the cliff, and while securing a large 
haul of fossils, the crisp edge of coal crops was noticed, and pros- 
pecting which a 12-foot vein of dense bituminous coal, having both 
above and below a bed of shale 15 to 18 inches thick, was found, 
with petrified wood strewn in many directions Fossils were found 
in sandstone. . . . Usually volcanic material appears on the sur- 
face of the Colob [Kolob Terrace] with occasional limestone, sand- 
stone, and shale. There is a fine growth of grass and groves of 
quaking aspen.” 

In Long Valley (Parunuweap Valley) Wheeler followed a 
primitive wagon road through Glendale and Mount Carmel and 
on down the Parunuweap Canyon to “6-mile turn,” then finding 
that further progress douTistream was impossible for horses 
he ascended the canyon wall, crossed the rough, and Moccasin 
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Terrace and finally reached Shunes Mountain ibelow which the 
river was again in sight. In desperate need of water his party 
scrambled down the canyon wall to the little settlement of 
Shunesburg 2,000 feet below. Wheeler says : 

‘^Our coming created a sensation, as no party, except on foot, had 
ever been known to pass this route, unless it were an adventurous 
mail-rider with a trusty-led mule, in case of great emergency. 
Nothing short of considerable blasting could render the trail pass- 
able even for pack animals.” 

A drawing o^f the “Wriggle Trail” at Shunesburg (repro- 
duced as plate 55 in the Wheeler report) is the first kno^wn 
illustration of the great rock walls of Navajo sandstone that 
dominate the landscape of southwestern Utah. 

The geologic work of the Wheeler Survey was done chiefly by 
G. K. Gilbert and Edwin E. Howell. Of his three years service 
with the Wheeler Survey (1871-1873), Gilbert spent the first 
in Nevada and western Arizona, the second in southwestern 
Utah and northwestern Arizona, and the third in New Mexico 
and eastern Arizona. In Utah (1872) he spent some days on 
the south rim of Markagunt Plateau, traversed for the first time 
the Virgin River from its source in the Pink Cliffs below 
Navajo Lake, through Zion Canyon, Timpoweap Canyon, and 
on to St. George; followed the Vermilion Cliffs through Cane 
Beds, Pipe Springs, Kanab, and eastward to the Paria; and 
made special studies of the Kaibab fold, of the Sevier fault, and 
the Hurricane fault. In his field notebook (1872) Gilbert 
makes some interesting comments. 

“At Zion (Springdale) we furnished our own blankets and slept 
on the floor. At Rockville the same except we were furnished pil- 
lows. At Mt. Carmel we were given extra blankets and the lee- 
side of a corn stack. At Toquerville I slept in a wagon box with 
the boy; at Workmans Ranch ['Goulds Ranch] on the ground with 
the boy again At Kanab in a bed on a bedstead ‘alone , at Allen- 
dale (Glendale ?) ditto with the boy. 

“The north fork [of Virgin River] has opened a valley in the 
Cretaceous, but too narrow for cultivation. From the foot of this 
valley to the hamlet of Little Zion, the stream traverses, in the most 
wonderful defile it has been my fortune to behold, the massive sand- 
stone of the Gray and Vermilion Cliffs, here combined in a single 
undistinguishable body, certainly not less than 2,000 feet in depth. 
At the head of ‘The Narrows’ the top of this bed is at the water’s 
edge; and, as the strata rise, and the stream descends southward, 
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lihe height of the canyon walls gradually increases, until it includes 
the entire mass of sandstone (m Zion National Park). At the 
water’s edge the walls are* perpendicular, but in the deeper parts 
they open out toward the top. For a number of miles the bottom of 
the cleft averages 30 feet in width, contractmg frequently to 20, and 
in many places is entirely occupied by the stream, even at its low 
stage.” 

Howell, who served two years with the Wheeler Survey (1872, 
1873) and one (1874) with the Powell Survey, likewise, “tra- 
versed portions of the Sierra region of western Utah and adjoin- 
ing Nevada” and the lower Virgin Valley. His reconnais- 
sance included geographic and geologic studies of the Aquarius 
and Paunsaugunt plateaus, of the region about the head of the 
Paria River and of the cliffs and canyons in the vicinity of 
Toquerville. 

The published reports of the Wheeler Survey are highly 
important contributions to the geography and geology of south- 
ern Utah. The bachure maps depict the landscape in remark 
able detail and the accompanying text discusses not only phys- 
ical geography but also human geography to an extent unusual 
for scientific reports. The geologic maps and the famous 
“Volume 3 — Geology” prepared by Gilbert and Howell repre- 
sent pioneer studies; they were treated by later surveys as 
source material. The volumes of botany, zoology, and arche- 
ology are standard reference works. 

POWELI- SnilVEY. 

The Spanish in their search for converts and trade and the 
Americans in their search for beaver hides became acquainted 
with the Green River and its tributaries, but saw no reason to 
explore the “inaccessible and worthless country” below the 
mouth of Price River. Likewise the military expeditions in 
search for routes for transcontinental railways avoided the 
Green River below Gunnison Crossing (village of Green River, 
Utah). They doubtless recalled the remarks of Capt. Macomb 
(9) (1859) on the country at the junction of the Green and 
the Grand (Colorado). cannot conceive of a more worth- 
less and impracticable region.” The army engineers met fewer 
obstacles in constructing roads through mountain ranges than 
m crossing the relatively flat but intricately dissected plateaus 
bordering the Colorado River. It remained for Major Powell 
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to explode the in3rths of “sucking whirlpools,” “underground 
passages,” and “plunging, roaring waterfalls” in the “mysteri- 
ous” Colorado River by safely navigating its canyons to their 
mouth. 

Powell first came to the plateau country in 1867 as a free- 
lance collector of museum specimens in northwestern Colorado 
and adjoining parts of Utah. He quickly ibecame “fascinated” 
with this little-explored region of “canyons and brightly col- 
ored rocks” and was eager to 'visit the even less known lands 
farther south. During his second field season (1868), while 
collecting along the Green River canyons, his nebulous wishes 
seem to have taken definite form in the audacious plan of de- 
scending the Green and the Colorado by boat. The opportunity 
came the following year. Thus began the series of expeditions 
that drew attention to the canyons and plateaus that make 
of southern Utah a region of scenic grandeur. In the words 
of Powell (10) : “begun originally as an exploration the work 
has finally developed into a -survey embracing the geography, 
geology, ethnography, and natural history of the country. . . .” 

The first traverse of the Colorado River by Powell (1869) 
ranks high among feats of danng. As Gilbert remarks (11) : 
“The undertaking was ... of phenomenal boldness and its suc- 
cessful accomphshment a dramatic triumph. It produced a 
strong impression on the public mind and gave Powell a national 
reputation which was afterwards of great service.” 

Obviously Powell’s pioneer traverse was planned for explora- 
tion rather than for research — ^to “na'vigate the Green and the 
Colorado in the shortest practicable time.” The essential tasks 
of procuring supplies and propelling boats through 1,060 miles 
of unknown canyons at the rate of about 20 miles a day left 
little time for scientific observations beyond the recording of 
approximate distances and directions. Furthermore it -appears 
that the exploring party included no professional scientists, no 
men experienced in designing and operating boats and, with 
the exception of its leader, no one familiar with the conditions 
that control field work. As viewed by such “river men” as Bert 
Loper and Norman Nevills who nowadays conduct tourists in 
safety and with reasonable comfort through Cataract, Glen, 
Marble, and Grand Canyons, the difiiculties encountered by 
Puwell are plain evidence of unsuitable equipment and inex- 
perienced personnel. 

In evaluating the work of the 1869 expedition it seems nat- 
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ural to find Powell “not satisfied with the results obtained” and 
“determined to continue the explorations of the canyon of the 
Colorado ... to once more attempt to pass througli the canyon 
in boats, devoting two or three years to the trip.” In pre- 
paration for this proposed second voyage, Powell returned to 
Utah in 1870 and selected places where supplies might be 
brought to the Colorado River by pack train. In September, 
accompanied by Jacob Hamblin, he visited the Shiwits Indians 
on the Uinkaret Plateau to investigate the death of three mem- 
bers of his expedition of 1869 who had left the river party near 
Toroweap Canyon. On this traverse Powell took occasion to 
descend the old Piute trail from the Toroweap (Tuweap) Val- 
ley to the Colorado and to examine the most prominent peaks 
of the Uinkaret volcanic field. Two of these peaks he named 
Mount Trumbull and Mount Logan (senators from his home 
state, Illinois) and the third Mount Emma (Emma Dean, 
PowdVs wife). On 'the Toroweap road south of Pipe Springs, 
Powell first noted the glorious banded wall along the south 
face of Moccasin Terrace. 

Starting, we leave behind a long line of cliffs, many hundred feet 
high, composed of orange and vermilion sandstones. I have named 
them Vermilion Chffs. When we are out a few miles, I look back, 
and see the morning sun shining in splendor on their painted faces ; 
the salient angles are on fire, and the retreating angles are buried 
in shade, and I gaze on them until my vision dreams, and the cliffs 
appear a long bank of purple clouds, piled from the horizon high 
into the heavens. 

In 1871 on his second traverse of the Green and the Colorado, 
Powell was in charge of the boat party from Green River, 
Wyoming, to the mouth of the Duchesne (May 22- July 14) and 
from Green River, Utah, as far as the Crossing of 'the Fathers 
(September 2-October 10) . Here he left the river and returned 
to Washington by way of Paria, Kanab, and Salt Lake City. 

Powell’s most active season in southern Utah was in 1872 
when he directed the river party on its cruise from Lees Ferry 
to the mouth of the Kanab Creek (August 17-September 7), 
traversed Kanab and Virgin Valleys, and examined the Ver- 
milion Cliffs from Smithsonian Butte eastward through Short 
Creek, Cane Beds, Pipe Springs, and Kanab. From a camp in 
a “beautiful meadow at the head of the Kanab,” Powell ascended 
the “wall of the Pink Cliff's” (nm of the Paunsaugunt Plateau 
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at Alton) and explored the broken country ^‘where the Rio 
Virgin and the Sevier rivers are dovetailed together” (Gravel 
Pass). From the pass he conducted the pack train along the 
old road down the Parunuweap Valley (Long Valley), to Mount 
Carmel and then on foot followed the Parunuweap Canyon to 
the Mormon settlement of Shunesburg. This first traverse of 
the formidable gorge, one of the few that ever have been made, 
he described in detail. (12) After spending a night at the 
Shunesburg Ranch, Powell and co^mpanions followed the Virgin 
River northward into the present Zion Canyon. 

“The Indians call the canon Mu-koon‘-tu-weap, Straight Canon. 
Entermg this, we have to wade up stream ; often the water fills the 
entire channel, and, although we travel many miles, we find no flood- 
plain, talus, or broken piles of rock at the foot of the cliff. The 
walls have smooth, plain faces, are everywhere very regular and 
vertical for a thousand feet or more, where they seem to break back 
in shelving slopes to higher altitudes, and everywhere, as we go 
along, we find springs bursting out at the foot of the walls, and, 
passing these, the river above becomes steadily smaller; the great 
body of water, which runs below, bursts out from beneath this great 
bed of red sandstone; as we go up the cafion, it comes to be but a 
creek, and then a brook. On the western wall of iJie cafion stand 
some buttes, towers, and high pinnacled rocks. Going up the cafion, 
we gam glimpses of them, here and there . . . These tower rocks 
are known as the “Temples of the Virgin." 

Powell’s account of his explorations (13) is in several 
respects unusual. As a geographic sketch of southern Utah 
its brevity is exasperating. Of its 203 pages, only 13 are 
descriptive of overland trips, and of the space allotted to the 
river traverses, about half is given to the Green River. For- 
tunately his meager reports are supplemented by the diaries of 
Alvin H. Thompson, (14) Frederick C. Dellenbaugh (16) and 
Stephen Jones, (16) who were members of river parties and 
the land parties during 1871 and 1872, and further supple- 
mented by the records of the Mormon Church and by diaries 
of farmers and stock men from whom the explorers obtained 
supplies and information. At the 'time of Powell’s visit, Glen- 
dale, Mount Carmel, and Rockville were thriving settlements 
and fields were 'cultivated on the floor of 2hon Canyon. 

In comparing the available documents relating to the Powell 
survey some inconsistencies appear. For example, the tra- 
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verses of the Green ^ind the Colorado are described by Powell as 
of 1869 ; no, mention is made of the second traverse (1871-1872) 
during which nearly all the scientific records were made. Like- 
wise the land traverses of 1871 and 1872 are listed as 1870 
The traverse of Parunuweap Canyon is dated by Powell as 
September 10-11, 1870; by Dellenbaugh as September, 1872; 
and by Jones, who accompanied Powell, as September 10-11, 
1872. 

The geographic maps of the Powell surveys are the work 
of A. H. Thompson and has associates, particularly F. S. Del- 
lenhaugh, J. H. Renshawe, Stephen Jones, and J. K. Hillers, 
After mapping the Green and the Colorado to the mouth of 
the Paria (May 22-October 26, 1871), Thompson established 
field headquarters at Ranab and during the next six years com- 
pleted a topographic survey of Arizona north of the Grand 
Canyon and of southern and north central Utah. The result- 
ing reconnaissance map, issued in sections, is the first made for 
a considerable part of Utah and is still in use. It is the base 
on which are recorded the geologic observations of Powell, 
Dutton, Howell, and Gilbert, and of most later students of 
Utah geology, botany, and zoology. In making this map 
Thompson must have become familiar not only with the topo- 
graphic relief but also with the areal extent of lava flows and 
sitratigraphic units, with suitable camp sites, and sources of 
supply. Of particular value was Thompson’s pioneer traverse 
of a route from Kanab to the mouth of Trachyte Creek (May 
29- July 7, 1872) which resulted in differentiating the drain- 
age of the Pana, the Escalante, and the Dirty Devil rivers and 
sketching the features of the Aquarius Plateau, the Water- 
pocket fold, and the Henry Mountains. 

During the first four years (1869-1873) of the Powell Sur- 
vey geological investigations were almost incidental. Except in 
the Uanta Mountains Powell lumself gave little attention to 
geologic details. His contribution to geologic knowledge was 
his epochal analysis of the processes and results of land sculp- 
ture, gained from a regional reconnaissance of southern Utah. 
His reports are rich in generalization. 

The geological work of the Powell survey assumed prominence 
with the appointment of E. E. Howell in 1874, and of C. E. 
Dutton and G. K. Gilbert in 1875. Dutton (17) gave chief 
attention during three field seasons to the structure and igneous 
history of the High Plateaus. He outlined the “District of the 
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EXPLORATIONS EAST OP GLEN CANYON. 

ENTRADA OE ESCALANTE. 

The first known reference to the geogra/phic features of Utah 
east of Glen Canyon appear in the diary of Escalante (1776) 
and on the map prepared by Miera y PachecO' (1777 or 1778). 
Though his outbound route from Santa Fe to the crossing of 
the Green River at Jensen was m western Colorado except for 
a short distance along the Dolores River and the Gunnison, 
Escalante seems to have had considerable knowledge of the 
region that includes the present San Juan country. He doubt- 
less was familiar with the reports of Fray Alonzo de Posada and 
Don Juan Maria de Rivera, who previously (1761) had tra- 
versed an approximately parallel and less difficult route that 
entered Utah near Ucola and led along the west base of the La 
Sal Mountains to Moab. Among Escalante’s guides was 
Muniz, a member of the Rivera expedition who may have passed 
on from Rivera some of the names on the map . Rio de Nabajoo, 
Sierra Abajo, Sierra de La Sal, Los Cajone (Navajo Moun- 
tain '‘) El Cerro Prieto (Agathla Needle) R. de N. S. de los 
Dolores (Dolores) and R. de los Saguaganos (Colorado below 
the mouth of the Dolores). Written on the map are some 
interesting comments, which in sulbstance are translated as 
follows : The Western Sea shown on some charts as occupying 
the region that includes Colorado and Utah as 600 leagues 
(1,315 miles) wide, is firm land and thickly populated by vari- 
ous tribes. The mountain range at the head of Rio de S. 
Rafael (Colorado) is the back bone of the North American 
continent. Rivers on its east side enter Hudson Bay or per- 
haps the Gulf of Mexico ; those on its west aide flow to a sea 
at the south. Rio Colorado below the mouth of the San Juan 
tumbles down deep canyons between closely spaced, bare walls 
of colored rock. 


MACOMB SURVEY. 

In 1859 an expedition in charge of Capt. J. N. Macomb, 
Topographic Engineers, U.S.A., crossed Sage Plain on the west 
side of “Sierra de la Plata” and descended “Canon Colorado” 
(Indian Creek) to near ats mouth. The homeward route was 
along the east base of the Abajo Mountains, down “Rio de la 
Abajo” (Recapture Creek) and up the San Juan to Canyon 
Largo in New Mexico. The descriptions given by Macomb 
(19) and by J. S. Newberry, geologist of the expedition, sup- 
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plemeiited by maps and colored reproduction of sketches made 
an the field, portray for the first time the outstanding geo- 
graphic features of eastern San Juan County, both north and 
south of the San Juan River. The scale of the map (12 
miles = 1 inch) permitted the delineation of the major drainage 
lines and the'prominent mesas and mountains. Of his traverse 
northwest of Sage Plaan Macomb writes: 

“At the ‘Ojo Verde%the Spanish trail strikes off more north- 
wardly, to seek a practicable crossing of Grand and Green Rivers. 
We left the trail here, and, leavmg the main body of our party 
encamped at the spring, with a small party of nine, went to the 
westward some thirty miles, under the guidance of an Indian, who 
had joined us many days previously, on our route to look for the 
junction of the Grand and Green Rivers. This part of our journey 
was very rough and dangerous, from the precipitous nature of the 
route, winding down the sides of deep and grand canons, and it is 
fortunate that no attempt was made to bring forward our packtram, 
as we must have lost many mules by it, and, moreover, there was 
not suiBeient pasture for the few animals that we had with us. I 
cannot conceive of a more worthless and impracticable region than 
the one we now found ourselves in. I doubt not there are repeti- 
tions and varieties of it for hundreds of miles down the canon of the 
Great Colorado, for I have heard of but one crossing of that river 
above the vicinity of the Moja\e villages, and I have reason to doubt 
if that one (El Vado of los Padres) is practicable, except with th? 
utmost care, even for a pack mule. 

Looking southward across the San Juan River Macomb saw • 

“Many castle-like buttes and slender towers, none of which can 
be less than 1,000 feet in height, their sides absolutely perpendicular, 
their forms wonderful imitations of the structures of human art. 
Illuminated by the setting sun, the outlines of these singular 
objects came out sharp and distmct, with such exact simil- 
itude of art, and contrast with nature as usually displayed, that we 
could hardly resist the conviction that we beheld the walls and 
towers of some Cyclopean city hitherto undiscovered in this far-off 
region. Within the great area mclosed by the grander features I 
have enumerated, the country is set with numberless buttes and 
isolated mesas, which give to the scene in a high degree the peculiar 
character I have so often referred to as exhibited by the eroded 
districts of the great central plateau. Here and there we caught 
glimpses of the vivid green of the wooded bottom-lands of the river, 
generally concealed by the intermediate and overhanging cliffs.” 
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Except for the Sage Plain, “gloomy barr:ens covered chiefly 
with Artemesiae,” the place names recorded by Macomb seem 
to be those applied by the Mexicans who travelled the “Old 
Spanish Trail” across San Juan and Grand Counties; Sierra 
A'bajo (the Lower Mountains; Blue Mountains); Orejas del 
Osa (Bear’s Ears ; Elk Ridge) ; Sierra La Sal ; Sierra Panoche 
(Navajo Mountain) ; Lana Negra (Skeleton Mesa) ; Agathla 
Needle; and Calabasa Mountains (the towers in Monument 
Valley) . 

HAYDEN SUEVEY. 

In southern Utah east of Glen Canyon the geographic and 
geologic information recorded by the expedition in charge of 
Captain Macomb was greatly increased by the “Survey of the 
Territories” in charge of F. V. Hayden, United States Geolo- 
gist, who extended his investigations of Colorado and Wyoming 
westward into Utah — approximately to the longitude of 
Thompson, Moab, and Blulf. (20) As outlined by the Sec- 
retary of the Interior, Carl Schurz, in a letter to Hayden 

“the ultimate design to be accomplished by these surveys is the 
preparation of suitable maps of the country surveyed, for the use 
of the government and of the nation, which will afford full informa- 
tion concerning the agricultural and mineral resources and of other 
important characteristics of the unexplored regions of the Ter- 
ritorial domain . . you will make such scientific observations touch- 
ing the geology, geography, mineralogy, and meteorology of the 
country surveyed by you as may be necessary for the preparation of 
such maps. In addition thereto you will obtain the necessary infor- 
mation for the preparation of charts upon which shall be indicated 
the areas of grass, timber and mineral lands and such other portions 
of the country surveyed as may be susceptible of cultivation by irri- 
gations and will ascertain and report upon the best methods of 
accomplishing this result.” 

In accordance with the instructions issued by the Secretary 
of the Interior, Hayden prepared a topographic map (scale; 
1 inch =4 miles) contour interval 200 feet, a geologic map, and 
a map showing types of vegetation for eastern Grand and 
San Juan counties (1876-1876). The maps retain the names 
of Sierra Abajo and Sage Plain as used by the Macomb Survey 
and for the first time apply the terms McElmo, Montezuma, 
Recapture, Epsom Creek, and McCombs Creek to tributaries of 
the San Juan River, The mesas and towers south of the San 
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Juan were referred to a^s Monumental Valley. Two contribu- 
tions of the Hayden Survey are of special interest: the first 
pictorial illustrations of the Sierra Aba jo (Blue Mountain) 
region by W. H. Holmes and the first recorded description and 
sketches of the remarkable Pueblo ruins in San Juan, Monte- 
zuma, and McElmo Canyons, and along “De Chelly” (Ghinle) 
Creek by W. H. Jackson. 

MORE RECENT SURVEYS. 

Following the pioneer studies of fihe Macomb and Hayden 
surveys and after the San Juan Valley had been colonized by 
the Mormons (1880), the salient topographic features of San 
Juan and adjoining counties were recorded on a reconnaissance 
topographic map by P. Holman of the U. S. Geological Survey 
(Abajo and Henry Mountain quadrangles, 1884). On these 
maps and their revised editions the new names applied are Cot- 
tonwood Wash (Macomb’s Creek of Hayden), Butler Wash 
(Epsom Creek of Jackson), Gothic Creek, Elk Ridge, (Bear’s 
Ear Plateau of Hohnes), and Clay Hill Divide. 

The first traverse of the San Juan Canyons below Goodridge 
(Mexican Hat) appears to have been by E. L. Goodridge in 
1882. Later traverses were made by prospectors during the 
“Bluff gold excitement” in 1892, by Bert Loper in 1893 and 
1894, and by Walter E. Mendenhall in 1894 and 1895. The 
canyons were examined in detail by Miser and his associates 
in 1921. (21) Also in 1921, a half century after Powell had 
traced its course, the Colorado River was accurately 
mapped. (22) 

For many years after their publication the maps and mem- 
oirs of the Wheeler, Powell, and Hayden surveys constituted 
the essential scientific hterature of southern Utah and adjacent 
parts of Arizona and Colorado. Reconnaissance studies of 
more recent date concern the areas not covered by the pioneer 
surveys — ^particularly the regions adjacent to G^len Canyon. 
(23) Since 1900 several reports and maps that describe geo- 
grapliic, geological, and economic features of Iron, Gaidield, 
Washington, Kane, and San Juan Counties have been published. 
They are listed by Stringham. (24) 
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A DESEADO HEQETOTHERE FROM 
PATAGONIA.* 

GEORGE GAYLORD SIMPSON. 

ABSTRACT. Propachyfucos ameghkuyriim, new species, is diagnosed and 
briefly described from a hitherto unrecorded Deseado (early Oligocene ?) 
deposit near Lat. 44»-l/2'’ south, Long. 68-1/3® west, in central Chubut, 
Argentina. The type is a nearly complete skeleton, the oldest and one of 
the most perfect of known hegetothere skeletons. The mounted skeleton 
and a plastic restoration are figured. 

Introduction. * 

I N 1933-1934! the Second Scarritt Patagonian Expedition of 
The American Museum of Natural History found several 
rich Eogene faunules of unusual character in a hitherto sci- 
entifically unexplored region of central Chubut, in Argentine 
Patagonia. Monographic description of these has been una- 
voidably delayed but is in progress. In the meantime the pres- 
ent note is published in order to make known one of the most 
important specimens and to provide a name to be used in con- 
nection with exhibition and with distribution of copies of a 
plastic restoration. 

This specimen is the virtually complete skeleton of a small 
hegetothere, representing a new species assignable, with suf- 
ficient probability, to the genus Propachyrucos Ameghino, 1897. 
As far as I know, this is the first hegetothere skeleton to be 
mounted, although several paper reconstructions have been 
published. Sinclair (1909) gave such a reconstruction of 
PachyruJchos, from the Santa Cruz, a composite based on 
materials in The American Museum of Natural History. Loo- 
mis (1914i) gave a paper reconstruction of Pro^otherkm, a 
Deseado form contemporaneous with Propachynicos, but the 
specimen involved is very incomplete and the reconstruction 
correspondingly hypothetical. The best single hegetothere 
skeleton hitherto described belongs to a Chapadmalal species of 
PaedQthenvm, the last survivor among the hegetotheres. 
Kraglievich (1926) published a paper reconstruction of this 
skeleton. 

The present specimen is also unusual in view of the great 
^ ContributionB of the Scarritt Expeditions, No. 84*. 
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rarity of adequate pre-Miocene mammal skeletons from South 
America. Besides Prosotherkm, mentioned above, Loomis 
(1914) gave paper reconstructions of Protheasodon and Rhyn- 
cMppus from the Deseado, but both were based on inadequate 
materials and there is some reason to suspect that the Protheo- 
sodon mandible is not of the same genus, or perhaps family, as 
the hind legs associated with it in the restoration. Several 
complete skeletons of Scarrittia, also a Deseado form, were 
found by us a few kilometers from the specimen described in the 
present paper and two of these have been prepared in the 
death pose,* without reconstruction or mounting (see Simpson, 
1935). The present specimen is thus the first mounted skel- 
eton from the Deseado. Skeletal remains from pre-Deseado 
beds are still rarer and there is only one known specimen suf- 
ficiently perfect to permit skeletal reconstruction, a pai’tial 
skeleton of Thomashuadeya from the Casamayor (paper recon- 
struction in Simpson, 1936 ; the skeleton has since been 
mounted) . 

The specimen here described was found by Justino Hernan- 
dez, collected by me, and prepared and mounted by Albert 
Thomson. A life restoration was modeled by Miss Trance 
Baker, working at the American Museum as a student of Anti- 
och College. John C. Germann drew the accompanying text- 
figures. 

TAXONOMY, 

Order Notoungulata Roth, 1903, 

Family Hegetotheriidae Ameghino, 1894. 

Subfamily Muniziinae Kraglievich, 1931. 

Genus Propachyrucos Ameghino, 1897. 

Propachyrucos ameghinorum,^ new species. 

Type. — A. M. N. H. No. 29574, nearly complete skeleton. 

Horizon — ^Deseado, probably early Oligocene 

Locality. — ^About 1^ kilometers south of the sheepherder’s 
hut called “Las Cascadas,” on the northwest side of the Meseta 
Canqueh in a small valley tributary to the Canadon de las 
Viboras, approximately in Lat. 441/2° south, Long. 681/3° 
west, central Chubiit Territory, Argentina. 

Diagnosis. — Lower cheek tooth series of type 32 per cent 
larger than in type of P. smithwoodwardi and at least 20 per 

®I>edi:cated to the memory of Florentmo and* Carlos Ameghino. 
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cent smaller than in type of P. crassm. I 3 and probably Pj 
more reduced than in P. smWmaodwardi, and larger diastemata 
on both sides of Pj. About the size of P. aequUatm (or slight- 
ly larger), but without the relatively large anterior (premolar 
and) molar lobes said by Ameghmo to characterize that species. 

DESCRIPTION. 

2—3 1 

The dental formula is complete but I-j", C"y“j Pi nre 
vestigial. I® and the upper canine are represented by tiny 
pits that do not contain roots in this specimen and it is prob- 
able that the teeth, themselves, were lost in life and that the 
upper formula in a senile individual would be 2. 0.4.3. is 

closely appressed to the greatly enlarged and was probably 
functional although small. There are large diastemata be- 

o o 





Fig 1. Propachyrucos ameyhmorum, new species. Type, American Mu- 
seum of Natursil History No. 29574. Crown views of right upper and left 
lower dentitions. Lower dentition in small part completed by reversal 
from right side. I®-® and C' are represented by alveoli, x 3/2. 

tween P and I® and between upper C and P^, with a smaller 
diastema between I® and C. The premolars are obliquely tri- 
angular, increasing in width from P^ to P^. The internal 
faces are somewhat flattened but not grooved. Transition 
from P^ to is abrupt. The molars have two distinct inter- 
nal lobes, separated by a deep re-entrant fold, as in Proso- 
therivm and the interatheres and markedly unlike Pachyrulehos 
and Hegetotlieriim. The outer wall is somewhat wavy, with 
poorly defined parastyle, paracone, and metacone convexities, 
but the groove between parastyle and paracone, often strong 
in interatheres and in some but perhaps not all species referred 
to Prosotkermm, is vague and shallow. Cement is present, 
most definitely on the inner face, but is thin. 

and I 2 are both enlarged, but is much larger, the longest 
diameter of a section being 5.1 mm. as against 3.0 mm. for I 2 , 
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proportions about as in Pachyrukhos.^ I 3 , lower C, and Pi 
are peg-like, tiny teeth but are present and functional. The 
canine is the smallest of the three, all of which are procumbent 
but decreasingly so from I 3 to Pj. There are short diastemata 
between I 3 and C, C and Pj, and Pj and P 2 . P 2 is unreduced 
and bilobed, differing little from Pg except that the anterior 
lobe is relatively larger. P 3 -M 3 have the usual hegetothere 
pattern, flattened lingually and bilobed labially except M.^, 
which is trilobed. 

Table I. 

Measurements in millimeters of dentition of Propackyrucos amegJdnorvm, 
type, A M. N. H No 29574. 

r-M* . . 554 

F-M® . . . . . . 32.1 

M’-M® . . 16 2 

Maximum diameter of transverse section of P . .... 69 

h-M, 631 

P,-Ma ... 309 

Mi-M, 17 8 

Maximum diameter of transverse section of I, . ... 51 

Same, . 2.7 


Upper cheek teeth, L=length of ectoloph, W=maximum transverse dimen- 
sion (protoloph on molars) s 



P* 

pa 

F 

P* 


M® 

M* 

L 

.. 8A 

47 

48 

47 

66 

64 

6.0 

W . . 

. . 2.7 

3.9 

39 

40 

46 

41 

34 

Lower cheek teeth, L»maximum length, W. 

ant “Width of anterior lobe. 

W. post 

= width of posterior lobe (2nd lobe on 

Ms): 



. 


Pb 

P 4 

M, 

M, 

M, 


L . . 

6.0 

49 

49 

6.4 

66 

76 


W. ant. . 

2.2 

26 

2.6 

2.3 

24 

23 


W. post. . 

26 

26 

2.6 

2.9 

28 

26 



Width of 3rd lobe of Mj . . . , 19 


» The skull differs little from the later hegetothere type thor- 
oughly described by Sinclair (1909) and details need not be 
discussed at this time. It is almost exactly like the skull of 
Prosotherkm, (see Loomis, 1914). It resembles Pacliyruklios 
more than it does Hegetotheriwm, but both skull and mandible 
are more nearly equal in depth anteriorly and posteriorly than 
in Pachyrukhos, so that the head, in lateral view, has a less tri- 
angular or wedge-shaped contour than in the latter genus. 

“Loomis’s figures (1914) suggest that I 2 is the larger in Prosotherium 
but this IS probably an effect of perspective. Amegbino (1897) states that 
the first inCiSor is enlarged in this genus 
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The cervical and dorsal vertebral series are complete and 
there appear to be only 12 dorsals although it is possible that 
the next vertebra, transitional morphologically, also carried 
a rib, giving IS dorsals. 16 dorsolumbars are preserved and 
three more have been tentatively added in the reconstruction to 
give a total of 19 (probably d.l2, 1.7 ; possibly d.lS, 1.6) . The 
formula is not completely known in any hegetothere, but Sin- 
clair (1909) says that there are 8 lumbars in Pachgndchos. 
The formula in Interathermm is d.l5, 1.7. Sinclair has recon- 
structed PacJiyrulehoa with d.l5, 1.8, and Loomis (1914) has 
reconstructed Prosofherimh. with the same formula. Because 
Interaiherium is only quite distantly related to the hegetotheres 
and because our Propachynicos surely has fewer than 15 dor- 
sals, it is probable that these reconstructions have the column 
too long by^at least two vertebrae. On the other hand it is 
possible that our reconstruction has too few lumbars and that 
the dorsolumbar total should be 20 or 21 rather than 19 as 
we have it. The neural spines of our specimen are strongly 
anticlinal as in PachyruhJios. The anticlinal vertebrae is d.ll, 
not d.l3 as shown by Sinclair for Pachyrulchos or d.l4 as 
shown by Loomis for Prosothermm» but neither of these recon- 
structions is reliable on this point. Sacrum and tail are mis- 
sing in our specimen, but a short tail is probable in Pachyrukhos 
and we have restored the tail in the more primitive genus as 
slightly longer than in Sinclair’s reconstructed PachyTrukhos, 

The girdles and appendicular skeleton are so like PacJiy- 
rvJchos that a detailed description of the minor differences that 
do exist is not necessary at this time. The resemblance to 
HegetotJieriim is almost equally close, but the general build 
and proportions are more suggestive of Pachyrukhos. The 
one great difference from both Santa Cruz genera is that the 
tibia and fibula are unfused in the earlier genus, clearly a prim- 
itive character. These bones are more like HegetotJierkm 
than like Pachyrukhos. The few elements in Prosotherkim for 
which Loomis’s data (1914) permit comparison are also gen- 
erally similar, but with some apparent anomalies. The pelvis 
in Prosothervu/m, seems to be relatively considerably larger. 
Loomis says that the third trochanter is on the posterior, not 
internal, side of the femoral shaft and so shows it in his figure, 
but this is so extraordinary that I suspect distortion or some 
peculiarity in orienting the bone. Loomis also shows the tibia 
as shorter than the femur in Prosothermm, whereas in all 
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Table II. 


Skeletal dumensions in millimeters of Pr<ypaehyrucos cmeg'himrvm and 


compared species 

(All measurements are 

maximum lengths.) 



Pachyrukhos 

Interatherium 


Propachyrueos 

moyani 

rohustwnii 


ameghmorwm, 

A.M N.H. 

A.M.N.H 


A.M.N.H. 

No. 94S1, 

No. 16401, 


No. 29574. 

from Sinclair 

from Sinclair 

Skull ... . 

... 101 

Ca 761/2* 

SO 

Humerus 

68 

66 

60% 

Radius 

62 

50 

41% 

Metacarpals: 




II 

26 

20 

14 

Ill . . . 

. . . 26% 

221/8 

16% 

IV 

21 

ISVa 

13 

V 

16 

14y2 

9 

Femur 

. . . Ca. 86 

Ca. 65* 

59 

Tibia 

... 92 

82 

-64% 

Calcaneum 

. . 29 

21 

19% 

Metatarsals: 




II 

— 

26Vz 

16% 

III . . 

S3 

30 

21 

IV 

SI 

26/2 

22 

V 

25 

21% 

17% 


* Calculated from proportions in other individuals of this species. 


other known hegetotheres the tibia is definitely the longer of 
the two. The bones were incomplete in Loomis’s specimen^ 
however, and the reconstruction may be erroneous. In the 
hindfoot of Prasothermm^ Loomis shows digits II and III sub- 
equal and large, IV and V subequal and small. This is very 
unlike Propachyrucos or PacJiyrukhos, although it resembles 
the much later, collaterally allied Paedothervum. Whether 
these discrepancies represent generic differences between Pro- 
sotherkm and Propachyruoos or have some other explanation 
is not clear. 

Size and proportions of Propachynucos oTneghmorum are 
compared with some later forms in Tables II and III and Fig. 
2. Prosothermm garzoni has been similarly compared, but the 
data are omitted here because observations are incomplete and, 
in part, anomalous. P. ameghmomm is larger than its Santa 
Cruz allies and analogues.^ The skull is relatively smaller in 
Pachynikhos than in Propacliyrucos but relatively larger in 
Interathernm. 

‘Deseado forms tend to be larger than their later relatives, although 
more primitive, a peculiarity that merits further study. 
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Table III. 

Ratios of lengths of skeletal elements m Propttchyiucos ameghinorvm and 
compared species. (Specimens the same as m Table II,) 


Humerus 

Radius . . . 

Propachyrucos 

amegkmorum 

. , . 1.31 

Pachyrukhos 

moyam 

1 12 

Intcraiherium 

robustmn 

1.46 

Radius 

MC III . . 

196 

2 22 

2 68 

MC III 

MC II ... 

1.02 

112 

1.11 

MC III 

MC IV .. . 

, , . . 1.26 

122 

119 

MC III 

MC V ... . 

1.77 

1.65 

1.72 

Femur 

Tibia . . 

Ca 92 

Ca. 79 

91 

Tibia 

MT III . 

279 

?.73 

3.07 

MT III 

MT IV . 

1.07 

1 13 

.96 

MT III 

MT V . . 

132 

1.40 

1.20 


In Propachyrucos aTneghmoram the radius is shorter relative 
to the femur and the tibia is shorter relative to the femur than 
in PachyruJehos. The greater elongation of the distal segment 
in the later form apparently represents progressive cursorial 
or, probably, saltatory adaptation. In Interathermm the 
radius is less elongate, relatively, than in either of these hege- 
totheres, but the hind limb proportions are about as in Propa- 
chyracos. The forefoot is more elongate relative to the radius 
in PropachyracQS than in Pachyrukhos, but this is a function 
of the shorter radius. Elongation of the foot relative to the 
forelimb as a whole is almost the same in the two genera and 
no evolutionary change is indicated. The forefoot in Inter- 
athermm is decidedly shorter than in hegetotheres. 

The order of length of the metacarpals and of the corres- 
ponding toes is III>II>IV>V in Propachyra&os, Pachyrulchos, 
P aedothervum, and Interathermm, but there are distinct dif- 
ferences of proportion. In Pachyrukhos the manus is nearly 
mesaxonic, with digit III definitely longest, II and IV both stout 
and subequal, and V smaller but not clearly reduced. In Prop- 
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achyrucos, II and III are of almost equal length and stoutness, 
IV is distinctly smaller, and V is more reduced than in Pachy- 
ruTclios. The proportions in Propachyracos are, in fact, more 
like those of the far later Paedotlierimn and it appears that 
Propachyrucos is more specialized in the manus than is Pacliy- 
rukJios, This is not too anomalous. Propachyrucos is not, I 



Log difference 

Skull 

Humerus 

Radius 

MCII 

MCill 

MClV 

MCV 

Femur 

Tibia 

MTIti 

MTIV 

MTV 


Interathenum Paedotherium Pachyrukhos Propachyrucos 
robustum imperforatum moyani ameghtnorum 


Fig. 2. Ratio (logarithm difference) diagram of lengths of skeletal 
elements, as labeled, in three hegetotheres and an interlathere Based on 
smgle specimens as m Table II 


think, ancestral to Pachyrukhos and there is no reason why the 
generally more primitive genus should not be precocious in 
some respects. 

In all hegetotheres and typotheres, the hind-leg is much 
longer than the fore, and Propachyrucos is no exception. The 
length ratio of humerus plus radius plus third metacarpal to 
femur plus tibia plus third metatarsal is .70 in our specimen. 
In a specimen of Pachyrukhos moycmi it is .73, sho^ving a rel- 
atively less elongate hind-limb in the later species, but this is 
probably within the range of individual or specific variation. 
In Kraglievich’s specimen of Paedotherium imperforatum the 
ratio is .70, the same as in our much older species. A specimen 
of Interathermm robustum has the ratio .81 and the fore and 
hind limbs are distinctly more nearly equal in that genus than 
in the hegetotheres.® 

* Kraglievich (1926) has pointed out that in Tragulus the hind limb is 
even more elongate than in Paed&therium The ratio that I use (not 
quite the same as Kraglievich’s but bearing on the same characteristic) 
is 68 for Zraglievich’s specimen of TraguUus and probably is not sig- 
nificantly different from Propachyrucos However, this has little bearing 
on the pose of the animal (see below), because Lepus, so different in pose 
from Traffulus and so much more like Propachyrucos in habitus diaracters, 
has ratios in the same general range 
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Th€ second metatarsal is incomplete in our specimen of 
Propachyrucos but it was clearly more slender and probably 
shorter than IV. The size rdationship for the metatarsals 
and the toes as a whole is III>IV>II>V. In Packyrukhos 11 
and IV are nearly equal in length. Ill is longer but no stouter 
and V IS small but less reduced than in Propachymicos. Thus 
Pachyrukhos has an essentially mesaxonic and, except for the 
loss of I, unreduced pes. In Paedotherium, however, II has 
become as stout and almost as long as III, IV is decidedly 
■smaller than II, and V is much reduced, almost vestigial. 
Paedotherkim is tending toward a pseudo-paraxonic type, with 
the weight borne by 11 and III, not by III and IV as in the 
true paraxonic pes. Pachyrukhos is mesaxomc, although it 
provides an appropriate base for the pseudo-paraxonic type. 
Propachyrucos belongs to neither type but more resembles, with- 
out belonging strictly to, the true paraxonic pattern. This 
complex of cross-specializations is further complicated by the 
fact that the forefoot of Propachyrucos^ unlike the hindfoot, 
does approach the peculiar and specialized pseudo-paraxonic 
(II-III axis) type. 

AFFINITIES. 

Propachyrucos simtJmoodwardi Ameghano, 1897, type of 
the genus, was based on a lower jaw with the dentition very like 
that of ProsotheriuTOy Pachymkhos, and Hegetofhermmhnt dif- 
fering from the first and second of these genera in the reten- 
tion of the full dental formula and from the second and third in 
the unreduced, molariform P 2 . Our specimen has these pre- 
sumably generic characters of P. smitTmoodwardi altliough it 
differs too much in size and in some other details to be placed 
in the same species. P. crassus Ameghino, 1897, was defined 
only on the basis of size, which is enough larger than the pres- 
ent specimen to make specific identity most improbable. 
The type, which has not been figured or described beyond a 
statement as to size, apparently included only Pg — 3 and. it is 
not clear that the genus can be recognized from these teeth 
alone* or, consequently, that P. craestts does belong to Propor- 
chyrucos. The e'ame doubt arises with regard to P. aeguUaim 
Ameghino, 1901, also unfigured, apparently based on a jaw 
fragment with P 4 -M 3 , teeth that can with difficulty, or not at 
all, be distinguished generically among hegetotheres. The only 
morphological character given was that in P. aequilatus the 
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Propachyrucos ameghmorum, new species Type, American Museum of Natural History No 29S74. Mounted 
skeleton, left side. X 
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anterior and posterior lofces of the cheek teeth are of equal 
size while in other species of Propachyrucm the anterior lobe 
is smaller. The anterior lobe is somewhat smaller in our spec- 
imen, but the difference is not marked, nor is it in Ameghino’s 
figure of P. smitTmoodmardi (1897, fig. 11, the only figure of 
Propachyrurcos hitherto published). In Prosothermm the an- 
terior lobe apparently tends to be somewhat larger, and it is 
not clear from the published data why P. aeqvMatus was not 
placed in ProsotJwrmm, in which case it would probably be 
found synonymous with P. garzom. Loomis (1914) described 
no material of Propachyruscos. 

The only other species hitherto referred to Propacliyrucos, 
as far as I know, is P. scMaffinm Kraglie\ach, 1932, based on 
an upper jaw' fragment from the Santa Lucia beds of Uruguay. 
This was not directly comparable with Ameghino’s species, all 
based on lower jaws, but was tentatively placed in Propachy’- 
rtbcos because it retains and probably P^ but otherwise is 
somewhat (not precisely) similar to PachyniJehos. This spec- 
imen is however, radically unlike the upper jaw of Propachy- 
rucos ameghmorwrit for instance in the absence of internal folds 
on the molars, and certainly does not bdong in the same or 
even a closely related genus. Since the reference of P. ameg- 
hinorum to Propachynicos is fairly well established it follows 
that “P,” scMaffinoi almost surely does not belong to Prap- 
achyrucos,^ 

Prosothervum Ameghino, 1897, was described at the same 
time as Propachyrucos, based mainly on a complete palate 
although the lower dentition was briefly described, without illus- 
trations. No direct contrast between Prosathermm and Prop- 
achymcios was given by Ameghino, but his definitions involve 
the distinction that the lower canine and Pj are absent in Pro- 
sothermm, a long diastema bdng present, while these teeth are 
present in Prapctchyrucas and there is, according to Ameghino. 
no diastema. Loomis (1914) had excellent material of Pro- 
sofhermm hut none of Prapachyriucos, so that he could only 
add that I 3 is absent in Prosoikerium, hut that Pj is present. 
Our specimen shows that ProsotJierium and Propachyniucos are 

“This also removes the basis for Kraglievich’s correlation of the Santa 
Lucfa beds with the Deseado. It is unlikely that "P.” sclviafflnoi is pre- 
Deseado, but on present evidence it might belong almost anywhere from the 
Deseado to the Pleistocene. 

Am Joim. Sci. — ^Voi« 243, No 10, Octobee, 1&45. 
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very closely related and perhaps casts some dou'bt on whether 
they should be distinguished as separate genera 

Even in Propachyrucos smithwaodwardi, as figured by Ame- 
ghino, I 3 , C, and Pi are vestigial -and there are small diastemata 
anterior and posterior to Pj. In the type of P. aTneghmormn 
these teeth are still further reduced and the diastemata are 
larger. In the upper jaw 1? is vestigial and C still more so, 
apparently lost in the adult. Prom Ameghino’s querying I 3 
m Prosotherium and saying that Pj is absent, while Loomis 
says I 3 is absent* and Pi present, it is probable that these ves- 
tigial teeth vary in that genus, whether individually, ontogen- 
etically, or inter-specifiically. Apart from the presence or 
absence of these vestigial teeth, Propachyruhhos and Proso- 
therium are very similar The other parts of the dentition 
and the skulls hardly seem to warrant generic separation. 
There are some apparent differences in the skeletons, as has 
been noted briefiy above, but the significance of these is not alto- 
gether certain. There are also several species, or supposed 
species, of each genus in which the possible generic distinctions 
are poorly or not known. The separation is thus not clear- 
cut. There appears to be a complex of species, all closely 
allied, and whether division into Propachyrucos and Proso- 
fliermm is valid, sufficient, and natural is not as yet w.ell 
established. 

Propachyrucos ameghmorwm has the skull and dentition of 
the same size as Prosothermm garzom, but whatever the even- 
tual disposition of the genera, it is sufficiently clear that these 
species are distinct. 

Prosoiherivm and Propachyrucos, together, are distinguished 
from most other hegetotheres especially by the fact that the 
upper premolars are not molariform and that the upper molars 
have strong internal grooves, resembling interatheres (true 
typotheres) more than typical hegetotheres. Prohegetother- 
ium, contemporaneous with Prosothermm and Propachyrucos, 
was more typically hegetothere in this respect.'^ Ameghino 
(1897) considered Propachyrucos the immediate ancestor of 
Pachyrukhos and Loomis (1914) assigned this position to Pro- 
sotherimn. 

And so, perhaps, were earlier. Musters, forms Amegh no named three 
genera of hegetotheres from the Musters, but their characters are dubious 
His descriptions were brief, no figures were given, and the specimens could 
not be found in the Ameghino Collection when I made a search for them. 
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It is evident that Propachyrucos, Prosotherium, and Pachy- 
rukhos are allies, hut it is not clear that either (or both) of 
the first two is ancestral to the last. The upper cheek denti- 
tion of the named Deseado genera is sharply different from that 
of Pachymkhos, The difference could readily be spanned by 
evolution, but the time lapse is not very great, intermediates 
are unknown and dentitions more like PachyruJehos do occur 
in the Deseado. 

The fate of the Propachynicos-Prosotherium line may be 
revealed by MunidOy and the origin of that puzzling genus may 
be explained by the comparison. Mumzia was described by 
Kraglievich in 1931 on the basis of a maxillary fragment from 
the Entrerrios beds of the Parana. The molars are like those 
of interatheres, but the root of the zygoma is hegetothere-like. 
Kraglievich gave more weight to the molar structure and 
assigned this apparently synthetic type to the Interathemdae 
but to a distinct subfamily, Muniziinae. In a passing note 
(Simpson, 1932, p. 10), I expressed skepticism regarding so 
remarkable a reversion of the highly characteristic and spe- 
cialized interathere jugal and suggested that MvMtzia might be 
either a hegetothere with molars convergent toward intera- 
theres, or a line distinct [from either] since the early Tertiary. 
Patterson (1934, p. 136) pointed out that the molars of 
Munizia are similar to those of Prosotherium and concluded 
that Munizia is probably a hegetothere that has preserved the 
primitive molar pattern, lost in Pachyrukhos and Hegetother- 
iuiri (and in PaedotJiermmy the Pachyrukhos-like contemporary 
of Munizia). The present restudy suggests that my two alter- 
native suggestions and Patterson’s third are all true, that 
Munizia is a hegetothere, of a line distinct since the early Ter- 
tiary, with molar pattern departing from an earlier basis than 
the Pachyrukhos pattern, and to some extent convergent toward 
interatheres. 

The evidence tends to show that two groups of hegetotheres 
can be distinguished at least from the Deseado to the Entrer- 
rios, and perhaps earlier or later for one or both. One group, 
with less molariform premolars and interathere-like molars, 
includes Pr&pachyrucos, Prosotheriumy and Munizia. The other, 
with molariform premolars and non-interathere-like molars, 
includes Pachyrukhos, Hegetotherium, and Paedotherium. Each 
group may contain other, at present dubious, genera, and each 
seems to have more than one line of precise descent, yet they 
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are probably phyletic units. This considerably lessens the 
probability that Propachyrucos is especially related or ances- 
tral to PachyrukhoSt although it is clear that all the genera, 
of both groups, are quite closely similar despite their rather 
long separation. 

If MvMi&ia is a descendent of the Propachyrucos-Prosotlier- 
ium group, the advances visible m the single known fragment 
of the later genus indicate a considerable increase in size and 
the development of a small reentrant enamel fold at the antero- 
intemal edge of These premolars (the others are unknown) 
retain their triangular contour and are not molariform 
despite this slight complication. The zygomatic root may be 
somewhat more horizontal than in the Deseado genera and its 
posterior rim is more anterior, making the root relatively 
shorter, but the significance of these differences is questionable. 

In the light of the evidence here summarized, I suggest that 
the subfamily Muniziinae Kraglievich be retained, but in the 
family Hegetothenidae, not Interatheriidae as proposed by 
Kraglievich. In addition to MvMizia, Propachyrucos and Pro- 
sotherium are referred to the Mufiiziinae 

KESTOEATION. 

The restored life-model by Miss Baker is of the natural size 
and is in the same pose as the skeleton. The animal is shown 
as alert but not in motion, just preparing to step away slowly, 
with both forefeet and the off hindfoot planted and the near 
hindfoot extended postenorly, with the heel raised. 

The forefeet are shown as digitigrade and the hindfeet as 
plantistat, rising to the digitigrade position in leaping or rapid 
progression. This question of foot posture is always a dif- 
ficult one in mounting skeletons of animals without close allies 
or exact analogues in the recent fauna. The anatomical evi- 
dence is often equivocal and, as far as I know, no completely 
conclusive criterion has been found. Except in extreme cases, 
a habitually plantigrade foot can usually assume a digitigrade 
position and some digitigrade feet can easily be placed in 
either a plantigrade of an unguligrade position, especially when 
dealing only with the skeleton. In Propachyrucos, the hind 
feet could be mounted in the plantigrade, digitigrade, or unguli- 
grade position, but when^ the articulation is placed in what 
seems the easiest, most relaxed way, with the tibia on the middle 
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of the astragalar trochlea, the foot tends naturally to be plan- 
tigrade. The terminal phalanges are more claw- than hoof-liVe. 
They are not fissured, but they are long, sharp, and com- 
pressed laterally, not dorso-ventrally. As far as analogy can 
be followed, the whole build of Propachyrucos, including the 
dentition, skull, and limbs, seems to me most like the leporids 
among recent mammals. There are, of course, striking dif- 
ferences also, but the resemblance in habitus seems to warrant 
the opinion' that in Propachyrucos, as in most leporids, the 
forefoot was digitigrade and the hindfoot plantigrade at rest, 
i.e, plantistat,® but likewise digitigrade in locomotion, or in 
rapid locomotion. 

This was nearly the opinion of Sinclair (1909) regarding 
PachyruJcIws, which he also considered analogous with leporids 
and called plantigrade as to pes and digitigrade as to manus. 
Kraglievich (1926) however, argued that Pachyruhhos was 
digitigrade, almost subunguligrade, and that its probable de- 
scendent Paedatherkim was fully unguligrade. As evidence of 
unguligrady in Paedotheriim he stressed the deep astragalar 
trochlea, the presence of strong metapodial keels, the hoof-like 
terminal phalanges, and the analogy with Tragidm. What- 
ever may be true of Paedotherkym, these arguments do not apply 
to Propachyrucos or Pachyruhhos. The astragalar trochlea 
is shallower in them. The metapodial keels are weaker and ven- 
tral only ; they are, in fact, like so many other habitus charac- 
ters, almost exactly as in leporids. The terminal phalanges, 
especially in Propachyrucos, are more claw-like than hoof-like, 
although not fissured. Even for Paedotherium the analogy 
with Lepus seems to me much closer than the analogy with 
Tragulus, and this is still more obvious for the earlier genera. 
It is quite possible that Kraglievich is right, but the evidence 
does seem to incline somewhat to the view that Propachyrucos 
and Pachyruhhos were digitigrade with the pes plantistat, and 
that Paedothermm was more fully digitigrade, possibly sub- 
unguligrade, and digitistat. 

The hypothetical external features have been treated con- 

* This term, proposed by Virchow m discussing tbe penguins, means that 
the tarsus normally touches the ground when the animal is standing but 
relaxed. Plantigrade properly means that the tarsus touches the ground 
when the animal is walking, and this is Uot true of all plantistat animals 
Man IS plantustat, but optionally either plantigrade or digitigrade, depend- 
ing mainly on speed of locomotion. 
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servatively in the restoration of Propachyrucos. The hair is 
shown as short and neither woolly nor fluify, a supposition as 
reasonable as any other and making a more interesting restora - 
tion because the muscles are more visible and the modeling 
more plastic. The ears are shown as large. The sense of hearing 
was almost surely important and acute in this as in other small 
notoungulates. Rabbit-like ears have, however, been avoided 
in order not to exaggerate resemblance to the leporids and to 
keep clear in the minds of museum visitors the fact that this 
animal is not a sort of rabbit. For similar reasons the short 
tail IS moderately tufted and not puffed. 
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COMMENTS ON “GEOLOGY OP LAU, PIJI.” 

REGINALD A. DALY. 

ABSTRACT Nine authorities have cooperated in making the recently 
published report on the geology of eastern Fiji. Among the particularly 
noteworthy results of their study are; (1) the mid-Miocene age of the 
emerged Futuna limestone, which is visible in most of the Lau archipelago; 

(2) the richness of the limestone in dolomite; (3) fidd evidence for- 
bidding application of the Darwin-Dana subsidence theory in explana- 
tion of the bedded, somewhat coralliferous limestone; and (4) evidence 
that in each island the limestone is a veneer on a volcanic pile, which in 
each of a number of cases had suffered marine abrasion just before the dep- 
osition of the carbonate rock. The present paper briefly discusses. (1) the 
cause of the dolomitization ; (2) the meaning of the fact that the emergence 
of the many islands in post-Futuna time was only slightly differential — a 
new argument against the subsidence theory of the living coral reefs; and 

(3) the thesis that the glacial-control theory of these reefs is itself an 
“antecedent-platform theory,” and, in the writer’s opinion, the best ver- 
sion of it. 

I N 1929 J. E. Hoffmeister, H. S. Ladd, and H. L. Ailing 
reported on a visit made to the famous Falcon Island of 
the Tonga group ; they were impressed by the speed with which 
this recently emerged, pyroclastac mass was truncated by the 
ocean breakers, forming a platform suitable for the plantation 
and upward growth of an atoll reef. Three years later Hoff- 
meister published his field study of Eua Island, also in the 
Tonga group. In 1934 Ladd gave the results of his field 
study of Vitilevu Island in western Fiji. The recently issued 
“Geology of Lau, Fiji,” by Ladd and Hoffmeister is the prod- 
uct of still another field study, the chief aims of which were to 
“tie the geological history of Tonga to that of western Fiji,” 
and “to obtain data bearing on the coral reef problem.” (See 
references 1 to 4.) 

The “Geology of Lau, Fiji” is an excellent example of the 
value of cooperative research by specialists and also illustrates 
the principle that experience gained in the field study of one 
Pacific archipelago gives special power to the same workers 
who go to wrest the geological secrets from other island groups. 
The Lau. report, while corroborating many conclusions of 
earlier visitors to these islands, records a wealth of new facts 
that give food for thought. The details are legion and a full 
summary is not here attempted; the intention of the present 
commentator is rather to emphasize a few of the notable prod- 
ucts of the field and laboratory study. 
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One outstanding discovery is that 15 out of the 26 more 
important islands of the Lau group, spread over an area 
measuring about 100 miles by 150 miles, show outcrops of 
bedded (only locally ooralliferous) limestone, called the Futuna 
formation and referred to the mid-Miocene (stage f of the 
East Indian stratigraphic column). Of this limestone 82 
chemical analyses were made, the specimens coming from 
Fulanga, Ongea, Kambara, Katafanga, and Namuka. Every 
specimen was found to be rich in magnesia and in most cases the 
rocks can be fairly classed as dolomitic. Since some are 
unaltered or only slightly altered, “it is difficult to see how 
the magnesia could be introduced with so little recrystalliza- 
tion. The possibility of original deposition of magnesia with 
calcium carbonate does not seem to be entirely out of reason” 
(Sanders and Crickmay, p. 257 of the Lau report). 

Is not the last statement an under-statement, somewhat too 
cautious? It does not mean that rhombs of dolomite are formed 
directly from sea water, either inside or outside animal or 
plant bodies; more probable is speedy reaction of initially 
exsolved aragonite and calcite with the magnesia-rich water, to 
form the double carbonate. In this sense no student of an old 
open-ocean dolomite or magnesaan limestone should object to 
the idea of large-scale “original” deposition of magnesium car- 
bonate on the ocean floor. 

In the report there seems to be no mention of the reason why 
the magnesia-rich limestone was precipitated instead of a more 
purely calcareous sediment. For the “original” deposition of 
abundant magnesium carbonate on the floor of the open ocean 
several variables in the physico-chemical conditions can be 
ruled out — namely, pressure, salinity, and mere duration of 
exposure of first-stage carbonate to sea water. The one vari- 
able to be suspected as a major control is temperature. In a 
survey of the dolomite problem, Blackwelder found evidence 
for this conclusion. It is supported by the experiments of 
Leitmeier, Walker and Gerrie, and others, and by (unpublished) 
experiments of the present writer with alkalized sea water kept 
for 10 weeks at blood temperature. In consonance is Clarke’s 
discovery that the content of magnesium carbonate in skele- 
tons and shells of many marine organisms increases with 
increase of temperature for the water in which they live (6 
to 8). 

A question is at hand: was the tropical ocean warmer in 
Futuna (mid-Miocene) tune than it has been normally since. 
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say, Jurassic time? Na one oan answer that query with assur- 
ance, but it is worth noting that the Miocene limestone o-f Cihrist- 
mas Island in the Indian Ocean -and even Miocene limestone as 
far north as Japan are rich in magnesia, if not definitely dolo- 
mitic. Speculation can go further and pose two other questions : 
(1) Can this particular stage in Miocene oceanography be cor- 
related with the celebrated Miocene stage of estra-warm climate 
in Greenland; (2) is the dolomitic limestone beginning at the 
depth of 640 feet in the outer part of the Funafuti atoll of 
Futuna age? Is the assignment of such a date for the deposi- 
tion of this material really disproved by the fossil content of 
the Funafuti column? 

In their summary of the geological history of Lau, Ladd and 
Hoffmeister make clear that some long-standing views concern- 
ing the group need correction. They write; “Almost with- 
out exception, the small subcircular islands in Lau have well- 
developed basin shapes, and many of the islands that are partly 
formed of volcanic rock have such basin shapes. Early inves- 
tigators were impressed by these striking basins and interpreted 
them as elevated atolls. We have shown that in Fulanga, 
Namuka, and, possibly, Kambara and Ongea these interpreta- 
tions appear to be correct. Detailed examinations of the lime- 
stones of these islands offer some support to the atoll interpreta- 
tion. The basin shapes of these islands are probably due pri- 
marily to organic growth, subsequently modified by solution 
and other erosive processes.” On the other hand, other islands 
do not “show clear evidence that they were once atolls, hence 
their basin shapes cannot be directly attributed to organic 
growth” (p. 168). The basins in islands of this second cate- 
gory are explained chiefly by subaerial solution, after emer- 
gence, an idea shared by Gardiner in the case of Fulanga. 

Ladd and Hoffmeister “believe that Lau^s reefs, both Recent 
and elevated, can be most satisfactorily explained without any 
form of Darwinian subsidence” (p. 173). They add:“No thick 
elevated reefs such as are demanded by the subsidence theory 
could 'be located, though we carefully examined islands from 
which such reefs had been reported by earlier workers. Since the 
Lau limestones were formed their history has 'been mainly one of 
elevation and erosion; wave cut terraces, leeward erosion rem- 
nants, and veneering reefs support this interpretation” (p. 
174). Their argument against an application of the Darwin- 
Dana theory to the reefs living in eastern Fiji is strengthened 
by a deduction that emerges from the field facts recorded in 
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their report. The mid-Miocene Futuna limestone rests on 
piles of volcanic rock. At its base the limestone carries peb- 
bles and boulders torn out of the volcanios. The contact of 
the two formations is visible in most of the islands; a good 
number of examples are listed in the following table, which 
names islands surrounded by living barrier reefs, gives the 
widths of the corresponding lagoons, and marks with the 
letter X those islands where the contact of volcanics and lime- 
stone is visible. 


Island 

Exploring Isles 

Vanua Mbalavu (X) . . . 
Malatta (X) 

Susui (X) .. 

Thikombia (X) 

Avea (X) . , 

Mango (X) 

Tuvutha (X) 

Katafanga (X) 

Oneata (X) . 

Lakemba (X) 

Ongea 

Yangasa 

Namuka 

Motbe and Karoni (X) 


Width of lagoon (miles) 


I 21 


% 

3 ~ 
6 
5 
2 
8 
1 
1 


In every ease the surface of contact is close to the existing 
sealevel. Evidently, then, any subsidence of these well sepa- 
rated and individualized masses of rock, if the subsidence were 
real, could not have been markedly differential. But the sub- 
sidence theory demands widely different degrees of sinking in 
the Lau archipelago. For, according to this theory, the width 
of atoll or barrier lagoon, located on a volcanic pile, should in 
general vary directly with the amount of sinking of each of 
these more or less conical piles. The second column of the 
table shows the width of the lagoons to range from % mile to 
more than 20 miles. This failure of the subsidence theory to 
meet the facts in an area 160 miles long and scores of miles 
wide is particularly serious, when the theory is applied to the 
young, living reefs. 

Of course that evidence does not mean that some atolls and 
barrier reefs were not formed by local or regional subsidence 
in pre-Pleistocene time. If, as Eadd and Hoffmeister think, 
the Miocene limestones of Fulanga and Namuka are atoll for- 
mations, the subsidence theory might offer a reasonable explana- 
tion of these local thickenings of the Futuna limestone, though 
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even in these instances Suess’s idea of a pasitive eustatic shift 
of sealevel during the Miocene is still worthy of consideration. 

In 1944 Hoffmeister and Ladd advocated in detailed argu- 
ment “the antecedent-platform theory” of the world’s coral 
reefs, which they have preferred throughout the fifteen years 
since they visited Falcon Island. This paper may be regarded 
as a supplement to the Lau report. On page 389 of the 
paper (9) we read: “The Antecedent-Platform theory holds 
that any bench or bank — even one not ‘smooth’ — that is located 
at a proper depth within the circumequatorial coral-reef zone 
can be considered a potential coral-reef foundation and that, 
if ecological conditions permit, a reef could grow up to the 
surface without any change of ocean-level. This is a gen- 
eral principle that applies to coral reefs of all ages — ^pre- 
glacial, glacial, and postglacial . . . Many of those who postu- 
late an antecedent platform seem to feel that a second require- 
ment — a rising sea-level — ^is also necessary. The rise in sea- 
level may be due to an actual rise in ocean-level or to a sinking 
of the land. It is our belief that such a sea-level change may 
stimulate reef growth, but we hold that it is not essential for 
the formation of a flourishing barrier or atoll reef.” 

Ladd and Hoffmeister have in fact made it abundantly clear 
that the living reefs of eastern Fiji do rest on platforms cut- 
and-built by the ocean waves, operating on volcanic piles. The 
cutting and building took place in pre-Futuna time, millions of 
years before the Pleistocene Glacial period. This region thus 
illustrates one of the chief postulates of the glacial-control 
theory, which, however, assumes that the platforms now sur- 
mounted by living reefs were cut or built or cut-and-built dur- 
ing exposure to wave-action for long periods included between 
the Pre-Cambrian and the Pleistocene. Until the reef -'building, 
wave-resisting corals were evolved, the ancient platforms were 
developed with surfaces well below sealevel. On these plat- 
forms local, pre-Pleistocene reefs may have grown up to sea- 
level, but, as long as the new^ masses of reef material lay between 
sealevel and the hundred-fathom isobath, they remained weak 
structures and, with the death of defending corals on their 
faces, ivere liable bo complete destruction by the low-level 
abrasion of the Pleistocene glacial stages. In other words, 
the low-level abrasion merely smoothed platforms which had 
been prepared long before the Pleistocene or cut smooth plat- 
forms in thoroughly weak rocks — unconsolidated sediments and 
pyroclastics. This brief re-statement of one aspect of the 
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glacial-control theory is made because of the mistaken ideas 0 ‘f 
Ladd and Hoffmeister, W. M. Davis, and others concerning the 
history of the platforms whose recognition is so vital a part of 
the glacial-control theory. 

The Lau report is not quite clear as to the origin of the 
Fijian platfonns. There are repeated references to truncation 
of the volcanic piles by pre-Futuna wave-action, a process that 
is practically ineffective at 50 fathoms, a depth which, accord- 
ing to Ladd and Hoffmeister, is not too great for the beginning 
of growth of barrier or atoll reef. On the other hand, they 
report cases where pelagic shells and deep-water algal growths 
built up the platforms to the “zone of coral reef growth,” 
thus adopting one postulate in Murray’s explanation of atolls. 

Presumably the first of the two methods of final preparation 
of platforms would apply to many, if not most, of the greater 
atolls and barrier-reef structures of the world. Such cases rep- 
resent a fundamental difficulty for the antecedent-platform 
theory as phrased by Ladd and Hoffmeister. For, long before 
abrasion could bring the platform surface down to the 50- 
fathom level or even to the 80-fathom lev^, coral larvae could 
settle on that deepening surface of erosion, form defending 
reefs, and so prevent further lowering of that surface. To 
have produced a cut-and-fill platform at the depths correspond- 
ing to those of the flat-floored lagoons of the great atoUs and 
barriers (including the Exploring Isles example in Lau), there 
must have been an interruption in the lusty growth of reef 
corals over most of the tropical zone. Such interruption is 
provided for by the glacial-control theory, but is not provided 
for in the statements of the platform idea by Ladd and Hoff- 
meister, Agassiz, Andrews, Chamberlin, Guppy, or Wharton. 
To the present writer the glacial-control theory is the only 
workable, published form of the antecedent-platform theory, 
and among its merits is its success in accounting for another 
vital fact — the comparative narrowness, and therefore youth, 
of nearly all the coral reefs now living in the world. 

If some of the Lau volcanic piles were crowned with atolls of 
mid-Miocene age and at a time when their platform surfaces 
were near enough to sealevel to permit the rounding of pebbles 
and boulders — the conclusion of Ladd and Hoffmeister — there 
must have been failure of vigorous reef-growth just before the 
begnning of Futuna time. Here, then, we would have to assume 
a time hiatus in reef growth, a hiatus which had nothing to do 
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witli the Pleistocene chilling and muddying of the tropical 
water as its level slowly fell because of continental glaciation. 
Perhaps such an interruption of coral growth in the warmer 
parts of the mid-Miocene ocean might be attributed to the rel- 
atively high temperature which has been suggested as a cause 
for the enrichment of the Futuna limestone in magnesia. Many 
experiments by Mayor and by [Edmondson have proved that, if 
the water temperature rises to 90° F., many species of reef- 
building corals are killed (10, 11). That temperature is only 
about 10° higher than the maximum temperature of surface 
water in the Lau region. Is it, then, not possible to find in 
excessive w'armth a second reason for a temporary removal of 
defending reefs in the warmer regions of the tropical belt.'* 

A final remark: While the author of the glacial-control 
theory believes it to be tlie best general explanation of the 
living reefs of the world, he would be the last to deny that some 
local reefs, barrier and atoll, 'have in past geological time been 
developed according to the terms of the subsidence theory ; or to 
deny that possibly some platforms for coral reefs have been 
prepared under conditions different from those visualized by the 
glacial-control theory. 
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DISCUSSION. 

HOLMES ON PHYSICAL GEOLOGY. 

A Review. 

There has recently appeared Principles of Physical Geology,* by 
Dr. Arthur Holmes, Professor of Geology at Edinburgh University. 

This is a welcome text, written by an author who has long been 
noted for clear, forceful presentation of difficult themes in earth 
science. Here he has run true to form and given to college stu- 
dents and other cultivated souls an admirable, richly illustrated 
introduction to the facts known about the topography of the earth 
and its more accessible, superficial structures. As a descriptive 
summary the book has many worthy rivals, but more daringly and 
persistently than any other one-volume treatment of the complex 
subject, it emphasizes the truth that real understanding of the 
world of ascertained facts must ultimately be founded on knowledge 
of the nature of the earth’s deep interior and the processes there 
operative during geological time. For the attempt to connect the 
visible and “known” with the explanatory invisible Professor 
Holmes is well fitted, for he is widely experienced not only in the 
teaching of general geology, in field geology, and in the scientific 
study of rock species, but also in important phases of geophysics 
and geochemistry. Like all other introductory textbooks this one 
could not cover the vast field in detail. Its author must have felt 
many a pang in deciding what facts, deductions, and speculations 
had to go without discussion or even mention. It is just as natural 
that Professor Holmes should stress some principal conclusions to 
wliich his own researches had led him, though in every instance he 
has been careful to note the provisional character of his conclusion 

The professional geologist must be particularly interested in 
Part 3 of the book, dealing with “Internal Processes and Their 
Effects.” There will be found a digest of modern Swiss, French, 
and German views regarding Alpine geology, which is brief but of 
remarkable clarity. This masterly condensation of a long and 
enormously complicated history is a good example of the author’s 
objectivity and skill in presentation That he is not afraid of 
revolutionary ideas is shown in the last chapter, where he outlmes 
the hypothesis of continental drift. For this boldness he will doubt- 
less be chastised by some "tender-minded” geologists, but, in view 
of the widespread popular and professional interest in this hypoth- 

Ronald Press, New York, a!i+S32, with 96 plates and 262 text illus- 
trations (1945). 
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esis, it IS at least a question whether the relevant ideas of Taylor, 
Wegener, du Toit, and others should be omitted from even an ele- 
mentary book on physical geology. While tolerant of the hypoth- 
esis himself, Professor Holmes has wisely guarded his readers 
against putting final faith in it. He writes* (p. 608): “It must 
be clearly realised, however, that purely speculative ideas of this 
kind, specially invented to match the requirements, can have no 
scientific value until they acquire support from independent evi- 
dence.” Like many other passages, this last chapter well illus- 
trates our author’s teaching, that the student should keep an open 
mind on all the greater problems about the earth. 

Limitations of space in the book prevented full discussion of some 
of Professor Holmes’s fundamental postulates. One of these is the 
existence of only two main layers, the “granitic” and “basaltic” in 
the continental sectors of the earth’s “crust”, taken to be 36 kilo- 
meters thick — the conclusion of Dr. Harold Jeffreys. No mention 
is made of the possibility that the lower of these two layers is a 
quartz-diorite or an allied, non-basaltic type of rock, and that there 
is a third crustal layer composed of piezo-crystallized basalt and 
extending downward for some distance below the base of the sec- 
ond layer. Professor Holmes does not follow Jeffreys in describ- 
ing the material just beneath the “crust” as dunite, but suggests 
(p. 372) that this material is “possiblv comparable m composition 
to pendotite but probably differing in many respects from any 
known surface rocks ” Such is the planetary stuff which, under 
the name of “the substratum”, is thought to extend all the way from 
the bottom of the thin “crust” down to the iron core of the earth, 
at 2900 kilometers from the surface The state of the material is 
not indicated, but the high density (3.4 at page 380 and 3 3 at page 
441) seems to imply crystallinity. If the material is crystalline, it 
would be hard to deny it finite strength. Further, the 1600-mile 
shell IS supposed to be homogeneous to the degree that it could be 
overturned, at certain epochs of geological time, by single-step 
thermal convection. This is a parlous assumption, in view of the 
probability that during its formation our planet became layered, 
the intrinsic density of its shells increasing with increasing deptli 
from the surface. Just such layering is exemplified in many thick 
sills, lopoliths, and other eruptive bodies exposed to the geologist’s 
hammer. 

Incidentally we note that an argument for single-step convection 
in the 1600-mdle shell is seriously weakened if we accept two sug- 
gestions made in the book. On page 373 we read that there arc 
possible changes of intrinsic density with corresponding changes of 
“composition or of state (e.g. from crystalline to glassy)” at the 
depth of 400 to 700 kilometers below the earth’s .surface. And it 
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is not made clear that potential for thermally-ineited convective 
overturn of the thick “substratum” shell could be attained if its 
material “behaves as a plastic substance (with a little strength) 
rather than as a viscous substance (with no strength).” (p. 38.) 

To this reviewer it seems right to keep among our speculations the 
idea of overturn of a suberustal shelly but only on the assumption 
that that shell is comparatively thin, relatively homogeneous in a 
chemical sense, and so hot as to be in a vitreous and strengthless 
condition. It is also conceivable that the overturn of a deep-lying 
shell might, in the young, hot earth, compel the convective over- 
turn of the layer immediately above ; in other words, that what may 
be called tandem convection in a succession of sub-layers in the 
1600-mile shell helped in the present organizatizon o>f the deep 
earth and in the development of its surface structures. The impor- 
tance of a decision as to the reality of occasional single-step over- 
turns of complete sectors of the shell is shown in Professor Holmes’s 
attempts to find m these movements explanation for: (1) the high 
stand of the continents above the ocean floor (p. 20) ; the making 
of mountain chains (p. 377) (3) the origin of volcanism in the 
broad sense (p. 484); and (4) the migration of continental blocks 
and the origin of the Arctic, Atlantic, and Indian , oceans (p. 1)06). 

Professor Holmes definitely rejects the idea of a basaltic layer in 
his "substratum”, makes no mention of the possibility of an 
eruptible basaltic layer in past geological time, and regards the 
origin of basaltic magma as an unsolved problem (p. 480). If his 
picture of the earth’s “crust” and his preferred thermal gradient 
along the outer part of the earth’s radius (p. 483) were both cor- 
rect, an accounting for the most abundant of all lavas would be 
ipdeed difficult. 

Can batholitliic granite or the thick granitic layer of the earth’s 
crust have originated chiefly through the metasomatic replacement 
of older crust-rocks by “hot granitizing fluids rich in gases” (p. 
92) ? One is forced to ask immediately: (1) what was the original 
nature of the replaced rocks; (2) where is the material removed 
by the metasomatic action'* On page 66 we read: “migrating fluids 
from the depths soak into the schists [of the Finnish Pre-Cambrian 
shield] , adding certain hew ingredients and carrying away some of 
the old ones. As a result of this chemical interchange, the schists 
themselves are changed in composition, migmatites are formed, and 
the final product is a granitic rock. Moreover, there is growing 
evidence that locally the newly born granitic material became 
mobile and fluid. Consequently we have here a most important clue 
as to one — and perhaps the most important — of the ways in which 
granitic magmas have been generated.” (p. 66.) Without any 
reasonable doubt the earth in Archean time was “sweating” at a 
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rate never even approached in later periods. Just as clearly the 
granitization o£ orthogneisses (themselves old, voluminous, meta- 
morphosed granites), acid schists, basic schists, and quartzites took 
place in each of the pre-Cambrian shields. But in regions con- 
taining the post-Silurian batholiths there is no adequate evidence 
for similar development of their thousands of cubic miles of granite 
by metasomatism. In this reviewer’s opinion the granite problem is 
obscured by failure to stress the great contrast of Archean con- 
ditions with those of later periods. 

A second edition of the book might well contain fuller statements 
concerning the nature and mobility of the earth’s silicate shell and 
concerning the assumption that the 1600-mile "substratum” is rich 
in volatile matter, which, from time to time through the ages, has 
been migrating toward the surface of the globe. Can either of these 
fundamental ideas be adequately presented in even an introduction 
to physical geology without reference to theory of the earth’s con- 
stitution at its birth 

As it stands Professor Holmes’s book is to be recommended to 
students both for its compact but vivid account of world facts and 
for its courageous effort to apply a truth seldom so concretely 
illustrated in other textbooks on his subject — ^that ultimate explana- 
tion of those facts must be sought far below the visible crust of 
the earth. Not the least merit of the book is the mental stimulus it 
gives to the professionally-inclined beginner who here learns that 
geology is not a cut-and-dried science and that a host of man-size, 
major problems of earth science await ultimate solution by those 
who are to enter the finest profession in the world. 

RBOISTALD A. J>AX.Y, 
HARVARD UNIVEHSITT. 
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DISCUSSION. 

GYMNOSOLEN NOT KNOWN FROM AUSTRALIA. 

I N a recent note in the American Journal op Science (1) Dr. 

P, E. Cloudj Jr. has quoted me as having informed him of the 
existence of a gymnsolen in probably marine strata in Australia. 
Since this statement is apparfcntly due to a misunderstanding, it 
seems advisable to have it rectified, although the point in itself is 
probably of no great importance. In my letter to Doctor Cloud I 
referred to the find of a gymnosolen structure in marine Silurian 
rocks of Southampton Island, Hudson Bay, Canada, which I de- 
scribed some years ago (2) and to which I gave the name of Gym- 
nosolen canadense. The specimen had been obtained by members 
of Knud Rasmussen’s Fifth Thule Expedition from the western 
shore of Duke of York Bay, near the northern end of the island. 
The fauna from this general area comprised some 20 species of 
Silurian age, all of them represented by specimens that had been 
picked up loose from the surface. However, one specimen of defin- 
itely Ordovician age was among them which must have been brought 
to Southampton Island, probably by ice drift, from Ordovician out- 
crops farther north, most probably from Melville Peninsula. There 
is thus no final proof that Gymnosolen canadense occurs in place in 
the marine Silurian rocks of Southampton Island, but at the time 
when I studied these collections the nature 'of the rock in which 
the specimen was preserved and the small amount of abrasion it 
had suffered seemed to me to preclude the possibility of a drift 
origin and I included the species unreservedly among the list of 
Silurian fossils. 

I regret that the statements in my letter to Doctor Cloud were so 
indistinct that this misunderstanding regarding the derivation of 
the specimen could have arisen.* 

CURT TEICHERT, 

UuivrBaiTr of WEsrBBJN" AuarRAMA, 

Neblasds, WssTEair AusmALiA. 

Retebekces 

1. Qoud, P. E , 1945, The stromatolite Gymnosolen not ,a salinity index. 
Amer. Jour. ScL, 243, 108. 

2. Teichert, C., 1937, Ordovidan and Silurian Faunas from Arctic Can- 
ada. Rep. 5th Thule Exp., 1, No 6 Copenhagen, 155. 

cannot now locate Doctor TeicherPs earlier letter but suspect, from 
the habitual clarity of his communications, that he is generously sharing 
the blame for an error for which I alone am responsible. ’ 

r. e. cloub, jiu 
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Chemistry. 

Systematic Inorganic Chemistry of the Fifth and Sixth Group 
Nonmetallic Elements; by Don M. Yost and Horace Russell^ Jr. 
Pp. x^, 423; 78 figs., 109 tables. New York, 1944 (Prentiee-Hall, 
Inc., $6.00). — 'A first glance at the outside of this book gives an 
entirely erroneous idea as to the character of the work: only the 
first three words of the title appear on the cover. The book is far 
more valuable because of its limited scope. It is a beautiful result 
of summary and criticism by research workers in their own field. 
The usual descriptive and qualitative character of works on 
inorganic chemistry is here replaced by a careful and detailed 
summary of the physioo-chemical properties and behavior of the 
important group of elements treated. As a text it is suitable only 
for advanced undergraduate and graduate teaching. For reference 
by practicing chemists it will prove invaluable. 

The scope of tlie book is sufficiently well indicated by its title. 

The character of the presentation may best be indicated by a 
summary of tlie discussion of one compound. Five pages are devoted 
to nitrogen dioxide. The magnetic properties of the gas are stated 
and the assignment of the ground state of the molecule is discussed. 
In connection with a discussion of tlie structure of NOg the vibra- 
tional frequencies of the molecule are given. The thermodynamic 
properties of the solid and the liquid form the first table. The 
equilibrium constants and the thermodynamic functions for the 
association reaction are presented and discussed. A quantitative 
summary of the knowledge of the reversible reaction N 02 =N 0 + 
% Og is presented largely in tabular form. Tlie interesting problem 
of the rate of the association reaction forms the* conclusion of the 
section. Here the presentation is lightened by a short description 
of the two experimental methods which have given results of signfi- 
cant accuracy. A figure shows the aoiurse of the reaction at 
different temperatures. 

The entire book is of the same thoroughgoing character. It is 
to be hoped that the remainder of the periodic table will receive 
similar treatment, if not at the hands of Yost and Russell, then 
by someone equally competent. h. c. thomas. 

Frontiers in Chemistry. Vol. 3. Nuclear Chemistry and 
Theoretical Organic Chemistry. Edited by R. E. Burk and Oliver 
Grummitt. Pp. 166; 80 figs. New York, 1946 (Interscience Pub. 
Inc., $3.60). — The third volume of this senes (previously noticed 
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in this journal, Vol. 242, pp. 453-4) presents the following authors 
and topics : 

Albent S. Keston: Isotopes and their Application in Biochemistry. 

Hugh S. Taylor: Application of Isotopes in Catalytic Reactions 
at Surfaces. 

H. R. Crane: Techniques in Nuclear Physics. 

Leslie G. S. Brooker: Resonance and Organic Chemistry. 

W. H. Bodebush: The Hydrogen Bond and its Significance to 
Chemistry. 

The series continues as an interesting and useful addition to 
the literature of chemisitry. henry c. thomas. 

Bibliography of Solid Adsorbents; by Victor E. Deitz. Pp. 
Ixxxi, 877. Washington, • 1944 (A contribution from the United 
States Cane Sugar Behners and Bone Char Manufacturers and the 
National Bureau of Standards, $12.00. May he obtained from 
J. M. Brown, Eevere Sugar EeBnery, 883 Medford St., Charles- 
town, Mass.). — The subtitle of this book is “An Annotative Bibli- 
ographical Survey of the Scientific Literature on Bone Char, Acti- 
vated Carbons, and other Technical Solid Adsorbents for the Years 
1900 to 1942 Inclusive.” The book contains a history of com- 
mercial adsorbents in relation to the sugar refining industry which 
is exceedingly interesting reading, and well balanced. We are 
constantly reminded how much we owe to early inventors not only 
for processes but for fundamental scientific concepts. This section 
(pages ix to Ixxi) also pays tribute to a number of the sugar refiners 
and technical men prominent in ihe industry in this country. It is 
followed by a very valuable tabulation of commercial solid adsorb- 
ents used in the United States and, as far as possible, those avail- 
able m foreign countries are listed. 

The main bodj^ of the volume consists of the abstracts (some 
“six thousand and two references” are contained in the entire vol- 
ume) and these are arranged in seven chapters’ I. Adsorption of 
gases and vapors on solid adsorbents, 196 pages; II. Adsorption 
from solutions on solid adsorbents, 162 pages; III Thermal effects 
iti adsorption processes, 26 pages; IV. Theories or adsorption 67 
pages; V. Refining of sugars and other applications of adsorbents, 
266 pages; VI. General information on adsorbents and special 
methods of investigation, 81 pages; VII. Preparation of carbon 
adsorbents, 37 pages. There then follow a list of the sources of the 
bibliography with key to the abbreviations of the periodicals ; author 
index, subject index and a list of the abbreviations used in the 
text of the abstracts. 

It IS evident that the Author has done a very thorough piece of 
work, and he deserves the thanks of those working in the field of 
adsorption. This volume fiBs a long^felt need, one whidb would 
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probably not have been met through the efforts of a private indi- 
vidual. The industrial sponsors of this project are to be con- 
gratulated for makmg this work available. It will save so much 
effort for workers in all branches of the study of adsorption that 
it is bound to facilitate research and pay for itself over and over 
again This volume should be an important addition to the library 
of any individual or firm working with adsorption. 

HAROLD G. CASSIDV. 

Geology. 

The Story of the Great Geologists; by Carroll LaUe Fenton* 
and Mildred Adams Fenton. Pp. xvi, 301 ; 26 halftones, 27 line- 
outs. New York, 1946 (Doubleday, Doran and Co., $ 3 . 60 ). — 
Nontechnical writmgs on scientific subjects, in attractive style, 
serve a highly useful purpose. This latest book by the Fentons may 
be characterized briefly as an excellent contribution in this field, 
with a somewhat unfortunately worded title. Readers acquainted 
with the subject matter will agree that the book presents a story 
(or stories) of geologists who are rightly appraised as great. How- 
ever, use of the definite article in the title seems to promise a 
reasonably full roster of those wiho deserve this high citation. True, 
in their Foreword the authors explain that they are considering 
only “men who dealt with the earth as a whole, or with features of 
such magnitude that they influence all geologic thought.” Even 
under this restricted criterion, some towering figures are missing 
from the treatment. Germany could hardly be satisfied with only 
Werner and Von Buch as her “great” among geologists. Switzer- 
land can boast broad-gauged, top-rank students of the Barth in 
addition to the famous Agassiz. Moreover, unmitiated readers who 
take the title at face value may weE infer that after the middle of 
the nineteenth century great geologists were operative only in 
America. 

A title can not of course be expected to indicate the full scope 
and content of a book. However, it should not be misleading. 
In this case a slight rephrasing would make the title consistent 
with what the book actually is — a. series of biographical accounts 
of selected outstanding men, skillfully interwoven to outline the 
development of geologic thought, first in Europe and later in North 
America. Considerably more than half of the space is devoted to 
workers in this continent, and clearly the book is designed primarily 
for American readers. Indeed, since the scene is shifted altogether 
away from Europe with the migration of Louis Agassiz, a European 
reader may well feel that the treatment is more than a little chau- 
vinistio. 

So much attention is devoted to the title because, in the opinion 
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of this reviewer the title as it stanids is a liability rather than an 
asset to a really gfood and useful book. For the most part the con- 
tent and the literary quality deserve high praise. Although the 
blographiical outiines are oommendably brief, details have been 
chosen and worded so effectively that the subjects emerge as definite 
personalities. Even geologists who are quite familiar with the 
history of the science will enjoy the fresh word-portraits and will 
gain from the reading a feelmg of closer intimacy with some of the 
grand old men of geology. These sophisticated readers will also 
detect some errors and questionable statements. Powell’s concept 
of the Green Eiver as antecedent to the Uinta uplift is explained 
as if it were still accepted doctrine, although conclusive evidence 
has been published to show that the stream’s course in the Uinta 
canyons is superposed. Powell seems to be credited (p. 247) with 
holding the view, before it came to Gilbert, that the Basin Ranges 
are bounded by great faults. The venerable concept of red color 
in sedimentary strata as evidence of arid climates is once again 
resurrected. These and other flaws will be marked by critical 
readers, but should not be allowed to obscure the real value of the 
book as a contribution to the “humanizing” of geology. 

Will the intdligent layman, or the student with limiteid back- 
ground in geologic science, find the book as entertaining and illumi- 
nating as it is to the professional geologist? This remains to be 
seen. Evidently the authors are aiming at a lay audience, since 
they include two explanatory chapters on the divisions of geologic 
time. Those of us who have tried to interest students in the history 
of the science have found that the subject has limited appeal until 
considerable familiarity with the principles of the science has been 
acquired. Let us hope that the skillful treatment and colorful style 
of the Fentons will help solve this educational problem. 

An annotated bibliography of source literature is a valuable fea- 
ture of the volume. Chester r. longwell. 

Geology for E'&eryman\ by the late Sir Albert Sewaru. xi4-312 
pp., 8 pis., 10 figs. (Cambridge University Press, 1948. Price $8.25). 
— ^This semipopular account of geo'logy was written by the late Sir 
Albert Seward, professor of botany in the University of Cambridge 
and diatanguished antbority on paleobotany. The opening chapter 
if a paesuasive presentation of the v^due of geology as a hobby. On 
rea^ng further it appears that the title of the book is too inclusive, 
for the “everyman” to whom ^e book is addre^ed is obviously 
a Briton; and those who are not icdiabitants of the island “set in 
the silver sea” will miss most of its appeal. It is essentially a 
running account of the geology of Britain, as it can be seen during 
a aeries of jrourneys through the countryside. 
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Two features distinguish this volume from most other hooks on 
geology. The first is that it presents geologic history backward 
in time : the history of the Pleistocene is given first, as being nearest 
to us and most easily intelligible, and from this account the narra- 
tive moves successively to more and more remote periods. Because, 
however, geologic history, as Sir Albert himself says, is a chronicle 
that far transcends human history, the mterest it should arouse 
would doubtless be increased by presenting it in *the normal order. 
The second feature, obviously reflecting the major interest of the 
author, is that m the sketches of the life of the geologic periods 
major emphasis has been placed on the evidence of the plants, and 
accounts of the aftimals, which bulk so large in most treatments of 
historical geology, generally receive second place. We are tempted 
to call it a refreshing change' While the book cannot be said to 
have strong appeal to readers on this side of the Atlantic, its suc- 
cess m England is indicated by the fact that since the first edition 
was issued in 1943 two reprintings have been necessary. 

ADOLPH KNOPP. 


PUBLICATIONS RECENTLY RECEIVED. 

Georgia Geological Survey Bulletin No. 61. Sillunanite and Massive 
Kyanrte m Georgia; by A S Furcron and K H. Teague. Atlanta, 1945, 

Duke University Marine Station. Bulletin No. 2 The Marine Annelids of 
North Carolina; by 0. Hartman. Durham, N C., 194f6 (Duke University 
Press, $100). 

Studies in Biophysics* The Critical Temperature of Serum (66); by L. 
Du Noiiy New York, 1945 (Reinhold Pub Corp., $8.60). 

Photosynthesis and Related Processes , by E. I Rabinowiteh. VoL I, New 
York, 1946 (Interscience Pub., $8.60) 

The Memiing of Relativity; by A. Einstein Princeton, N. J , 1946 (Prince- 
ton University Press,’ $2.00). 

Careers in Saence; by P Pollack. New York, 1946 (E. P. Dutton & Co,, 
$2 76) 

Soul of Amber The Background of Electrical Science; by A. M. Still 
New York, 1945' (The Murray Hill Books, Inc., $2.60), 

How to Solve It. A System of Thinking which can Help you Solve any 
Problem; by G. Polya, Princeton, N. J., 1946 (The Princeton University 
Press, $2.60) 

Radio Direction Fmders; by D. S. Bond. New York, 1944 (McGraw- 
Hill Book Co ). 

After Materialism — ^What? The Reconciliation of Science and Religion; 
by R C. Tute New York, 1945 (E. P. Dutton & Co., $8.00). 

The Story of the Great Geologists. The Story of the Earth Science 
through the lives of the Men vrim developed it from early Greece to 
Modern Times ; by C. L. Fenton and M. A. Fenton Garden City, N, Y., 
1946 (Doubleday & Doran Co., $3.50). 

U S, Geological Survey; 64 Topographic Maps 
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ERRATUM 

«SILICA IN NATURAL WATERS,” by Chalmer J. Roy. 
Vol. 243, July, 1945, pp. 393-403. 

Through a printer’s error the free valence of the Si 03 ion 
is shown as one instead of two throughout the paper. 
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MEAN LOSSES OP Na, Ca, ETC., IN ONE 
WEATHERING CYCLE AND POTASSIUM 
REMOVAL FROM THE OCEAN. 

EDWARD J. CONWAY. 

ABSTRACT. The significance of the logarithmic multimodal method for 
determining the mean losses m a weathering cycle has been further investi- 
gated by comparing with some other methods described here. The com- 
bined results from four such give 46, 67, 26 and 80 per cent losses for Na, 
Ca, Mg and P, while the multimodal method gives 44, 67, 20 and 39 per cent 
Vogt’s figure for the average PaOg value of igneous rock (or at least 
of that fraction from which the sedimentary deposits have been formed) is 
shown to be too low. The true figure is in the region 0 25-0 30 g PaO, 
per cent. 

Further evidence is given in support of the view previously advanced 
that K was not removed from the ocean at the same rate throughout, but 
that the removal reached a peak m or near the late pre-Cambrian. In 
agreement with Hutchinson’s criticism the major removal of K is considered 
to occur through the illites rather than through glauconite which is dosely 
similar ih structure; but there is reason to suppose that the glauconite 
route was dominant from the Mesozoic era onwards. Many more analyses 
are necessary to decide such questions. 

I N' a discussion on two papers (Conway, 1942, 1943) con- 
cerning the chemical evolution of the ocean. Professor 
Hutchinson (1944) while dealing with these works very gen- 
erously — ^has at the same time raised some important crit- 
ical points. These refer mainly to the logarithmic multimodal 
treatment of shale concentrations for ascertaining the losses 
of Na, Ca, Mg and P in one weathering cycle, and also to the 
hypothesis put forward for the nature of the potassium removal 
from the ocean, though the far reaching consequence of that 
removal are accepted. It is intended here to deal somewhat 
further with such questions, but it may be said at the outset 
that though the views expressed on the general nature of the 
K removal (Conway, 1943) appear to be supported by the 
additional arguments brought forward here, the special signifi- 
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cance of glauconite was overstressed. This agrees with 
Hutchinson’s criticism, though the possibility of the over- 
stressing had been indicated, the main point being the K 
removal as a complex silicate, with the added significance of 
indirect facilitation by living organisms, and the consequences 
resulting therefrom. 

It would seem that the major role in the K removal must be 
assigned to the group of authigenic micas in argillaceous sedi- 
ments, termed “illite” by Grim, Bray and Bradley (1937). 
With this group glauconite has close chemical relations (Hen- 
dricks and Alexander, 1939) and is micaceous in structure 
(Gruner, 1935). 

At the same time consideration of the data (which are not 
numerous) suggests that after the Cambrian period the glau- 
conite removal of K became increasingly significant and from 
the Mesozoic era onwards possibly the dominant route. 

Also, it may be said that the data for Archaean argillaceous 
sediments which are likely to be of value in testing the course 
of K removal from the ocean, are very meagre. Conclusions 
based thereon must remain at present merely tentative. In this 
connection Hutchinson rightly stresses the need of many more 
analyses of the ancient argillaceous sediments. 

MEAN LOSSES IN ONE WEATHERING CYCLE AND THE MULTIMODAL 
TREATMENT OF SHALE ANALYSES. 

Prior to dealing with the points raised, some fresh material 
may be given bearing on the multimodal treaitment of the shale 
analyses. 

As will appear, this treatment is not essential for fixing with 
some degree of accuracy the mean losses in one cyple, of Na, 
Ca, etc., but, none the less, it contributes to the refinement of 
the estimates, and is in itself of much interest. Apart from 
the multimodal treatment, it may be said that four different 
methods are available for determining the ratios of the mean 
percentage losses of Na, Ca, Mg and P in one weathering cycle 
and three methods for fixing the absolute mean value of the 
Na percentage loss and hence of the others. 

The results so determined will be compared with that from 
the multimodal treatment, before dealing with the criticism of 
this procedure. The three methods for determining the mean 
absolute Na loss in one cycle are first described. 
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The mean absolute Na Loss in one cycle. 

1) In the first method, the mean value is taken from Merril’s 
observations (1897) as already considered (Conway, 1942) 
and is found to he 47 per cent. 

2) The mean Na loss may be also deduced from the analyses 
of 78 shales listed by Clarke (1924) (weighted mean of com- 
posite analyses of 51 Palaeozoic and 27 Mesozoic and Cenozoic 
shales) in conjunction with the data for “igneous” river water 
(Conway, 1942). 

In the shales the Ca and Mg are present both as carbonates 
and as silicates. It is necessary at the outset to deduct from 
the shale analj'ses the amourlts of CaO and MgO present as 
carbonates. These may be determined by allowing for each 
gramme of COg in the shales over and above the amount in 
igneous rock (i.e. 2 63 — 0.10% =2.53 g. COg) 1.027 g. CaO 
and 0.19 g. MgO per 100 g. rock, as carbonate, since this is 
the mean proportion of CaO and MgO associated with CO^ in 
limesto-ne. 

The CaO value remaining then is 0.61 g./lOO g. and with 
this is associated 1.30 g. Na20. It will be assumed that one 
g. of igneous rock forms in the average 1 g. of sedimentary 
terrigenous rock (Conway, 1942) taking the mean of the silica 
and alumina calculations. Since the shales form 0.8 of the 
whole, then if all the remaining silicates were concentrated 
therein we could multiply the analyses by 0.8 tO' obtain 
the amount present in the sedimentary rock; but the silicates 
are not altogether concentrated in the shales and 0.9 is a 
better factor. This appears from a study of the analytical 
data, and probably gives the correct value to within a few 
per cent. The Na^O and CaO (corrected) concentrations in 
the shales being 1.30 and 0.61 g./lOO g. and 3,84 and 6.08 in 
the igneous rock we may write 

3.84 (l-Xi)y = 0 9 X 1.80 1 

S,08 (l-Xg)^ = 0.9 X 0.51 2 

where Xj and Xo are the ratios lost in a weathering cycle, and 
y the mean number of cycles. 

Now from the “rain-corrected” values of “igneous” river 
water the relation of Xj to X 2 may be determined by the relative 
concentrations of Na and Ca present divided by their concen- 
trations in the igneous rock, or 2 8/2.85: 5.8/3.63 or 1 : 1.63. 
Inserting 1.63xi for X 2 in equation 2, w^e may solve for Xj as 
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0,39 ar 39 per cent of the Na is removed in one cycle, and y 
appears as 2.4. 

3) A study of the co-mposition of ‘‘sedimentary” river water 
gives a third method. In the mean sedimentary rock about 
90 per cent of the Ca is present as carbonate which may be 
supposed to go entirely into solution. From the remaining 
10 per cent there is also lost a high proportion, so that it 
follows that with little error we could assume that all the Ca 
in the sedimentary rock goes into solution and hence calculate 
the proportion of weathered rock to unit volume of river water. 
From Table 12 of the paper on Mean Geochemical Data, 
etc. (Conway, 1942), the Ca oontent of the “sedimentary” 
water is 37.5 p.p.m. so that the rock involved is 37.6/3.89 X 
100 or 964 p.p.m. Since this figure will be a few per cent 
below the true figure, approximately 1000 p.p.m. of sedimen- 
tary rock may be assumed. This will contain 8.2 p.p.m. of 
Na, and since the Na content of the “rain-corrected” sedimen- 
tary water is 4.1, 50 per cent of the rock Na has been dis- 
solved out. Combining these three values — 47, 39 and 50 per 
cent we obtain a mean of 46 per cent which will be used in the 
subsequent calculations. 

The relative losses of Na, Ca, etc., will now be considered. 
Relative lasses of Na, Ca, etc. 

Two such methods have been already described (Conway, 
1942). They are the means from Merril’s results, and from 
the data of “igneous” river water. They are listed in 
Table I with the Na figure adjusted to 45 per cent of the mean 

Table I. 

Percentage of igneous rock constituents lost in one weathering cycle. 




From 

From 

From slopes 


prom 

“igneous” 

composite 

of “coequal” 


Merril’s 

river 

sh^e 

lines (using 

Substance 

data 

data 

analyses 

log values) 

Na 

(46) 

(46) 

(46) 

(46) 

Ca 

.67 

73 

70 

64 

Mg 

. . 49 

20 

29 

26 

P 

... 38 

(31) 

29 

30 

K 

. . 38 

29 

. • 

. 


The P is included under “igneous” river data though it was determined — 
owing to lack of data — from the “sedimentary” river water. 

K is omitted from the last two columns owing to the high degree of 
return to the shales, which cannot be allowed for like Ca and Mg in the 
composite analyses. 
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figure determined above. To the river estimates is now added 
the phosphate figure. In his collection of river data (Clarke 
1924) lists 22 phosphate analyses. This number is compara- 
tively small, but may be used for the present purpose. Of 
the 22 if we take the 12 figures with the highest salinities, the 
median salinity is 175 or close to that for typical “sedimen- 
tary” water, and the phosphate figure (as P2O5) is 0.46 p.p.m. 
From the calculation above, 1000 parts of rock may be allowed 
per million of water, and containing 1.50 parts of P2O6J so 
that (0.46/1.6) XlOO or 31 per cent of the phosphate is dis- 
solved out. 

3) As in equation 1 we may write for the 78 shales 

S 84 (I-x)y = 0.9 X 1.30 3 

Here x may be taken as 0.45 and then y is approximately 2.0. 
From similar equations for CaO, MgO and P2O5 taking the CaO 
and MgO as silicates with the carbonate values subtracted (as 
described above, leaving 0.51 and 1.96 g. per cent) and the 
igneous rock values of 5.08, 3.49 and 0.299 respectively, the 
value for x become 70, 29 and 29 per cent respectively. 

4) In a fourth method the relative losses may be determined 
from the slopes of the lines of best fit through the logs of the 
values of CaO, MgO, etc., against the logs of the corresponding 
NagO content of single shale samples. Here 39 shales from 
Clarke’s data (1904) are conadered as in the multimodal 
treatment. (These shales were listed in Bulletin 228, U. S. 
Geol. Survey, weathered or altered specimens being omitted, as 
also those shales listed as calcareous or which were considered 
from the description as exceptional. There remained, pp, 337- 
339, A-K ; pp. 340-341, A-E ; p. 342, A and B ; p. 343, I> ; 
p, 344, A-C (Michigan) ; p. 345, A-C ; p. 346, A ; p. 347, A-E ; 
p. 348, A ; p. 349, A, B, D and E ; p. 350, F, H, J.) 

For CaO and MgO, it was thought better to omit altogether 
those samples having a carbon dioxide content greater than 
0.2 g./lOO g., rather than to correct for it as in the composite 
analyses of shales, since for some shales when this correction 
is applied a slightly negative value results for the CaO. Tliis 
is due either to the analyses themselves being somewhat in error 
when -a very low CaO content may appear on correction as a 
negative value, or to some CO2 being associated with iron. 
In this way 20 shale analyses were available for the CaO and 
MgO investigation. 
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The question arises, however, as to the most suitable equation for 
the line of best fit. With ordinary statistical regression lineis, if 
one of the variables is known to be dependent on, and is more or 
less closidy determined as a linear function of the other variable, 
then the regression line of the dependent on the independent vari- 
able is signiificanl. But when the variaUes are in no degree deter- 
mined by eadh other, one regression is not more significant than 
the other. They merely fulfil the mathematical condition, that the 
snm of the squares of all the deviations from the line, as measured 
along the ordinate on the one hand, or along the abscissa on the 
other, should be a minimum. But where there is no determining 
relation between the variables there is no valid reason for measur- 
ing deviations parallel to one or other axis, but rather as the per- 
pendicular distances of the points from the line. In this way we 
get a single line, which for lack of a better name, will be here 
termed the coequal line of best fit, implying that neither variable 
is considered to be dependent on the other. The slope is given by 
the relation — 


b = 


(A-o^y) ^ 

2ro'xO'y 



In this ‘r’ IS the correlation coefficient, and Ox, Oy the standard 
deviations. When Y is substituted fox X the resulting expression 
becomes the reciprocal of the first. 

The statistical data for finding the coequal lines of best fit 
are given in Table H, and when it is assumed that 46 per cent 

Table II. 

Correlations of log of the CaO content, etc., with log of the NajO content using 
the group of 39 shales (Clarke, 1904i) commented on in the text. In the last colmnn 
is given the slope of tlie coequal lines of best fit (equation 4). 



No. 




Slopes of 


of 

Standard 


Corre- ' 

“coequal” 

Variables 

obs. 

deviations 

Means 

lations 

lines 

log (CaO%jI6g (NasO%) 

20 

0.41 0 38 

-0.286 -0.04 

4-038 

1.71 

log (MgO%) i log (NasO%) 

20 

0.24 0.83 

0.89 -0.04 

4-0.44 

0.60 

log (F,05%);log (Na,0%) 

84 

0.26 0.82 

-0 97 -002 

4-0.46 

060 

- of the NaaO is 

lost in 

a cycle, then 

from the slopes it would 



appear that 64 per cent of CaO, 26 per cent of MgO and 30 
per cent of P 2^5 are lost concurrently. 

The means from the four methods (^scarding the magnesium 
value from Merril’s data — ^wbich is clearly aberrant) may then 
, be compared with the results of the multimodal method. 
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Resixlts of tihe 

Means of the 4 methods multimodal method (2) 


Na ... 

. . 45% 

44% 

Ca . . . 

67 

67 

Mg 

26 

20 

P 

80 

39 


This agreement is scarcely fortuitous. 

While the percentage^ losses of Na and Ca agree very well, 
the Mg and P values are also of a similar order in the two lists. 
It is true that occasionally the data are relatively meagre, but 
the convergence of the mean results from different methods 
gives some confidence in the figures for the mean losses in one 
weathering cycle, and the significance of the agreement with 
the multimodal treatment. 

Hutchinson’s criticism may now be considered. He points 
out firstly that the Na20 content of 25 massed Mesozoic and 
Cenozoic shales (Clarke, 1924j, p. 552) is 1,80 per cent while 
that of 61 Palaeozoic shales is 1.20 per cent, which would 
seem to indicate that later shales were somewhat richer than 
earlier but the explanation of this may well be that for a small 
group of 25 samples the average number of cycles they have 
undergone may be less than for a group taken at an earlier 
period, especially when the earlier period differs in time by only 
a small fraction of the oceanic age (and this latter point is in 
fact indicated by Hutchinson). Hutchinson then raises the 
question of phosphate and the nature of its loss from the sedi- 
mentary rock, but if the fact of such loss be granted it does 
not seem to matter how it happened for the immediate problems 
discussed. The indication given in the criticism that it may 
have been deflected into the inacessible sediments of the perma- 
nent oceanic basins is doubtless the correct one, and what the 
writer had in mind. It may be noted that owing to the com- 
paratively low level of the P 2 O 6 content of rock, the deposition 
of calcium phosphate in the skeletons of animals into the non- 
terrigenous pelagic sediments — constituting by far the greater 
fraction of the whole ocean floor — ^may be expected to account 
for very appreciable relative losses in the sedimentary rock 
of the present land surface. How numerous the skeletal 
remains of larger animals can be in the pelagic sediments is 
illustrated by the fact referred to by Twenhofel (1939, p. 
127 ) that in a single dredge made by the “Challenger” in the 
central Pacific, there were 1600 shark teeth and about 60 ear 
bones of whales. 
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Here the mast important point raised by Hutchinson is that 
if Vogt’s figure (1931) for the mean ^2^5 content of igneous 
rock is correct, then there appears to have been almost no 
loss from the sedimentary rock. The figure for igneous rock 
as given by Vogt is “probably about 0.17-0.18” and for the 
totality of sedimentary rocks, recalculated without CO2 and 
H2O it is given as about 0.165. The mean loss of P2O5 would 
then have been about 6 per cent only. Consequently if the 
phosphate appears to have been lost in a somewhat similar 
degree to Na, according to the multimodal treatment, this latter 
W'ould seem of doubtful value. The following arguments may, 
however, be advanced against the validity of Vogt’s P0O5 figure 
for Igneous rock. 

a) For the 34 shales examined (of Clarke’s series, 1904) 
the correlation of P2O5 with Na20 content is -1-0.59 or -f 0.46 
for the logarithmic values. This means that high sodium 
values are associated with high phosphate and vice versa, or 
that if Na is lost from the rock — ^which occurs extensively — so 
also IS phosphate. This corrdation of +0.59 may be com- 
pared with that of —0.02 for the NagO and P2O5 content of 
igneous rock as determined from the large number of data in 
Washington’s superior (and complete) analyses (1917) putting 
“traces” of phosphate in the lowest class division (0.00- 
0.05 g. per cent). This is practically a correlation of inde- 
pendence, the slight negative value being due to the association 
of the highest PoOg figures with low NagO values. 

Since the NugO and P2O5 of the sedimentary rock are both 
present in the shales to the extent of approximately 0.9 of the 
whole, we can regard the coequal line of best fit through the 
points as giving the relation of NasO to P2OB in the whole sedi- 
mentary rock. When the NagO value on this line is equal to 
that of the mean igneous rock we should also obtain the mean 
PoOg value. It is found to be 0.27 g./lOO g. 

From a similar line (line B) through the logarithmic values 
(Fig. 1) the PgOg figure corresponding to an NagO value of 
3.89 g./lOO g. IS 0.25 g./lOO g. (The dotted lines -D and E 
proceed from 3.89 and 0.30 per cent.) It -will be seen that the 
logarithmic values for 51 Palaeosioic and 27 Mesozoic and 
Cenozoic composite shale analyses are somewhat above the 
line B and correspond to a P20{5 value of 0.30 g./lOO g. wlien 
the NroO per cent is 3.89 g./lOO g. (as given by line C). 
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b) Vogt’s figures would indicate that only a negligibly small 
proportion of the phosphate deriving from the weathering of 
igneous rock was lost in the pelagic and non-terrigenous sedi- 
ments. This is improba/ble, as discussed above. 



Fig. 1. The NaoO and P 2 O 5 content of shales plotted on double logarith- 
mic paper. The dots are for the 89 shales of Clarke’s group commented 
on in the text (34 of which have botli substances analysed) 

Tlie Jarge circles represent 51 Palaeoaoic and 27 Mesozoic shales (com- 
posite analyses). Analyses given by Clarke (1924). 

Tlie line 11 is the “coequal” line of best fit (see text). Line C is drawn 
directly through the large circles. The dotted lines E and D correspond 
to the mean P^O, and Na.O content of igneous rock as given by Clarke 
(1924; from Washington’s collection, 1917). 

If Vogt’s figure then incorrect, the question arises as to 
how an error of estimate enters his calculations. The follow- 
ing points may be noted. 

c) If the nature of the frequency distribution curve of 
P 2 O 5 be considered, taking all the data given by Washington 
(1917) as superior (and complete) analyses, and placing 
“traces” in the lowest class division, we get the curve shown in 
Fig. 2. A similar curve is given if the analyses be confined to 
granites only The distribution of NagO, for example, is much 
different as shown 111 Fig. 2. From such phosphate curves or 
their corresponding data, it is certain that the arithmetical 
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mean will be higher 'than the median or central figure, but if 
we had the true distribution it is only the arithmetical mean 
that is here significant. In his calculation Vogt uses half the 
arithmetical mean plus the median, and though a certain com- 
pensation in this way be affected against the undue inclusion 


hOs % 



Fig. 2. Frequency distribution of PaOs and NajO analyses of igneous 
rocks, from Washington’s group of Superior and Complete anedyses (1&17). 
Only those NajO figures are considered which have associated phosphate 
analyses mentioned either numerically or as traces. The points are placed 
midway in the class intervals. 

in the whole distribution of rare rocks containing much P 2 O 0 
yet Vogt used the method throughout, as, for example, in his 
calculations of the average P 2 O 6 in the granites, gabbros, 
basalts, etc. For such distributions this inevitably introduces 
> a tendency towards a figure lower than the true value. 

d) In the calculation of the probable average of the PaOr, 
value in igneous rocks, Vogt deals only with the plutonics, 
ignoring the dikes and flows, though giving reasons for this. 
He points out that the dikes have relatively very small dimen- 
sions and with regard to the cubic mass the flows on the whale 
are quite subordinate compared with the plutonics, and have a 
much smaller vertical depth. None the less the flows are rela- 
tively much richer in P 2 O 5 than the plutonics (an average of 
0.4}6 P 2 O 5 in the basalts, for example, compared with 0.29 for 
the corresponding gabbros) and may contribute more to the 
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sedimentary rock than appears from a. camparison of the verti- 
cal depths studied. 

However this may he, the evidence indicates that Vogt’s 
figure, in so far as it applies to the mother rock of the analysed 
shales, is i^elatively too low. It is true that Goldschmidt 
(1937) in a notable paper agrees with the PaOg figure of Vogt, 
but for this he brings no fresh evidence. 

Tlie removal of potassium from the ocean. 

It was pointed out (Conway, 1943) that the removal of 
K ions in quantity from the ocean necessarily affects the con- 
centration of Ca, Mg, etc. The view was also put forward 
that until the development of organic life in relatively large 
volume the free K ooncentration rose and then fell, that its 
removal was due to the formation of glauconite, but “it would 
seem very probable that a more dispersed or earthy form of 
glauconite may be formed apart from the granular mineral in 
shells, a peculiarity of which is its growth from the onginal 
nidus formed at the site of the organic material. Quantitative 
studies of such processes are lacking, but the important point 
here is the manner of the removal of potassium by reactions 
originated by decaying organic matter, and this method may be 
assumed to predominate.” 

From re;cent work on the clays (reviewed by Grim, 1939; 
1942) the diffuse or earthy glauconite above considered may 
now be referred to as “illite.” The name was given by Grim, 
Bray and Bradley (1937) to cover the authigenic micAs in 
argillaceous sediments (Endell, Hofmann and Maegdefrau, 
1935 ; Grim ct al., 1937 ; Maegdefrau and Hofmann, 1937) and 
these appear to be very sinailar in structure to glauconite. 
According to Grim (1942) illite is present in many soils, but 
usually as a remnant of the composition of the parent rock, and 
in most shales that have been studied it is the dominant clay 
‘mineral. 

The magnitude of the K removal from the ocean may be cal- 
culated as follows. Examination of the mean data for “rain- 
corrected” river water shows that potassium is 0.6 times the Na 
concentration in “igneous water” and 0.76 times that in the 
total river water. Throughout tlie oceanic age it may be taken 
in the average as about 0.7 the Na concentration (reckoning K 
and Na figures as p.p.m.), though the factor for the first period 
is near to 0,6, and in the later phases to 0.8. Since approxi- 
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mately 141 X 1.09 Gg. of Na (1 Gg. — 10^® g. Conway, 1942) 
have been set free from the igneous rock (1.09 being the factor 
taking account of the NaCl in the pores of the sediments and 
as rock salt, and 141 Gg. representing the total in the ocean 
water) it follows that about 108 Gg. of free K have been 
brought by the rivers to the ocean, and allowing for the rela- 
tively small amount of free K present therein, about 100 Gg. 
of K in round numbers have been removed therefrom, and fixed 
as silicates ; probably in much the greater part as illite, also 
as glauconite, with which it is closely related, and possibly also 
in relatively small amounts as authigenic orthoclase. 

An hypothesis of Rutherford (1936) may be here briefly 
considered. From tlie fact that most of the potash deposits 
formed by evaporation of saline waters appear to be of a geo- 
logical age younger than the Carboniferous, he has supposed 
that K was added to the ocean in appreciable amounts only 
since the formation of land vegetation on a large scale, the 
first notable increase in oceanic K occurring in the Carbo- 
niferous. Rutherford concludes that “areas of present day 
tropical vegetation may be contributing materially to the 
potash content of the sea, but a subsequent period of dessication 
causing the precipitation of salts is necessary to determine such 
a possible effect.” Such contributions can, however, be deter- 
mined by examining the river data. The Amazon basin may 
be taken as an area of luxuriant tropical vegetation, Reade 
(1903) estimates the denudation factor as 50 tons of river 
solutes per sq. mile per annum and Clarke (1924, p. 117) 
puts it at 53 tons, so that from Frankland’s analyses (as 
cited by Reade, 1903) the K removal is 53X2.31/100 or 1.2 
tons/sq. mile/year. Similarly the average for Europe and 
North America is 2,7 and 1.4 tons K/sq, mile/year. Also if 
Chelu’s figure (as quoted by Clarke, 1924, p. 118) of 16 tons 
for the denudation figure of the Nile basin be taken as approxi- 
mately correct, and the average value of K in the Nile water 
be assessed from the figures listed by Clarke (1924) the K 
from the Nile basin is 0,8 ton K/sq. mile/year. The total 
average of K removal from the tropical basins in South America 
and Equatorial Africa is thus 1.0 ton/sq. mile/j'ear and for 
the temperature regions of Europe and North America it is 
2.0. These figures appear to disprove Rutherford’s hypothesis 
that prolific vegetation markedly Increases the load of free K 
ions to the sea and are against the view that, prior to the 
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initiation of large scale vegetation no free K ions were entering 
the ocean. It will be assumed therefore that the present river 
data are an indication of wihat has always occurred with respect 
to the average ratios of Na, K, Ca and Mg entrance into the 
ocean. 

As shown (Conway, 194*2) the K in “igneous” river water 
represents a relative loss of 26 per cent of the K in the rock, 
which is not far from the rough average o'f 35 per cent from 
MerriPs direct dhservations on igneous rocks. In “sedimen- 
tary” river water the free K is 16 per cent of the K in the rock 
and the fall in the percentage loss we may ascribe either to a 
less rapid weathering of illite so as to liberate free K or a 
greater retention of the K liiberated in the corresponding sedi- 
ment brought down by the river water. 

From the inorganic content of “sedimentary” river water 
and the adsorption relations o>f the various ions, such relative 
retention cannot he explained by simple adsorption hut rather 
by the fixation of K between the unit layers of the space lattice. 
This river K in solution is in virtual equilibrium with the cor- 
responding inorganic sediment (implying also the clays through 
which the water has soaked) and at a given moment shows in 
the mean the relations of a cycle of denudation. 

For the disappearance of the 100 Gg. of K from the ocean 
the folio-wing three views may be considered. 

a) The K has been removed at the same rate throughout. 

b) Its removal has been increased by the greater development 
of organic life, presumably occurring with the advance of pre- 
Cambrian time. 

c) lbs removal has almost altogether depended on the pres- 
ence of organic life with cellular development similar to that 
now observed but reaching relatively large volume only at some 
time in the late pre-Cambrian period. 

In a previous paper, the *a* and ‘c’ hypotheses have been 
developed (‘c’ more than *a’). They represent the limits over 
which the question can 'be treated, though the ‘c’ hypothesis 
was then taken as representing the more probable course of 
events. 

If the amount of glauconite present in all the present marine 
and continental sediments is quantitatively -significant the rejec- 
tion of ‘a’ would in any case seem called for, since the formation 
of glauconite appears to be much facilitated by organic matter. 
Galiher (1936, 1939) showed that glauconite can be formed 
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by the diagenesis of biotite, but this is only a part explana- 
tion of its occurrence since it appears abundantly in many 
widespread formations which show no evidence of the influx 
of mica (Takahashi, 1939). From Yagi and Takahashi’s work 
it now appears that though glauconite is formed by diagenesis 
the parent substance can vary greatly and in the process of 
formation, iron, potash and magnesia are absorbed from the 
millieu. To account for 100 Gg. of K would require 1600 Gg. 
of the granular mineral (assuming an average of 6.6 per cent 
K, as from the formula of Hendricks and Ross 1941) and 
thus constitute upwards of 20 per cent of the entire sedimen- 
tary rock — a calculation agreeing largely with that of Hutch- 
inson, and from which it is clear that the hypothesis of removal 
by glauconite alone must be discarded and the major fraction 
assigned to illite (or the authigehic micas). Ulite, with 
approximately 6 per cent K should then account for nearly 
27 per cent of the sedimentary rock, wihioh would agree with 
the order of figure described by Grim (1939), 

The following questions remain then for consideration — 

1 ) Is the Toarme formation of Ulite facUUated like glauconite 
by the ‘presence of organic matter produced by living organ- 
isms or representing their dead cells ; and — 

2) When did such organic matter c^ppear in quantity? 

The following points may be made in support of the facilita- 
tion by organic matter. 

a) There appears to be a close chemical relation between 
glauconite and the authigenic micas or illite as sihown by Maeg- 
defrau and Hofmann (1937) and Hendricks and Alexander. 
Gruner (1935) from his X-ray studies concludes that glaucon- 
ite is a mica in structure. This points to similar chemical 
conditions of formation. 

b) The fact that K appears to have been over-restored to 
the shales in Cambrian time and probably for some fraction of 
pre-Oambrian time (as dealt with below) is well interpreted in 
accordance with the curves for the oceanic K (Conway, 
1943), which have been based on the hypothesis that up to 
some time prior to the Cambrian the K concentration of the 
ocean was increasing, but witdi the large scale organic develop- 
ment probably then ensuing it fell, K for a period being over- 
restored to the shales. 
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Before considering the evidence for this latter, the m^n K 
in the shales representing no and full return of K may he cal- 
culated. From igneous rock 26 per cent (mean value) of its 
K is lost in a cycle of denudation (as shoim iby present river 
analyses), and a total concentration of 3.18 X 0.74 g./lOO g, 
in sedimentary rock should appear if there was no K return. 
As the shales constitute 80 per cent of the terrigenous sedi- 
ments and contain approximately 0.9 of the whole K of the 
sedimentary rock, then the KgO concentration of the shale 
formed after the one cycle should be 2.65 per cent and the cor- 
responding NagO figure would he 2.37 per cent the ^ 2 ^ being 
1.12 times the Na 20 per cent. After a second cycle the K 2 O 
figure would be 1.96 and the NagO 1.30, the ratio being 1.51. 
It would appear also worth considering what present shale for- 
mation should contain if none of the “sedimentary” K of river 
water was being restored. Such river water contains 3.3 p.p.m. 
oi K, associated with the denudation of 980 p.p.m. of sedimen- 
tary rock (Conway, 1942) whidh contains in all 27.4 parts 
of KgO, It may be calculated therefore that the shale pro- 
duced from such rock should have an approximate KgO con- 
centration of 2.40 per cent if the river K was not restored. 

On the other hand if K of the igneous rock were fuUy 
restored to the shale in one weathering cycle, then the total 
sedimentary rock should have a concentration of 3.13 per cent 
KgO, or 3.50 per cent in the shales. Such a figure would leave 
out of account the fixation of K in glauconitic formations ; and 
must be regarded as an upper limit. 

’Comparing these figures with the actual analyses, the com- 
posite figure for 61 Palaeozoic shales (Clarke, 1942) is 3.60 per 
cent KgO and the mean figure for 17 separate analyses of 
Cambrian shales (Clarke, 1904) is 3.97 ± 0.15 (s.d. of mean). 
The composite analyses of 27 Mesozoic and Cenozoic shales 
(Clarke, 1924) gives 2.60 per cent The Cambrian shale 

analyses show an over-return of KgO, while the Mesozoic 
and Cenozoic shales show' little or no return of the river K at 
the time of their formation. Further support for this appears 
on plotting the K 3 O distribution for the 39 separate shales 
already referred to above in Clarke’s assembly of sedimentary 
data (1904). In Fig. 3 (A.B) the separation is made into 
Cambrian and other shales. It will be seen that there is a 
higher KgO distribution for the Cambrian samples. Additional 
light appears to be thrown on the matter when the KoO values 
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in these distributions are plotted against their corresponding 
NagO figures, as in Fig. 3 (C & D). It will be seen that for 
shales other than Cambrian (C) (data from Clarke, 1904}) 
there is a definite inverse relation of KgO and NagO (the cor- 
relation is —0.6). A curve is drawn through the means for 
0.6 per cent NagO inteiwals, the mean KgO value for the lowest 
NagO concentrations lying a little over 4.0 per cent. Also it is 
of interest that on this curve the KgO figure corresponding to an 
NagO value of 2.37 per cent (or that to be expected from one 
cycle of weathering) is 2.3 or slightly less even than the 
expected 2.6 per cent with no return of K (as calculated above). 
For the Cambrian shales in Fig. 3 (D) there are no high NagO 
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Fig 3. A and B — distribution of K 2 O analyses of shales, Cambrian and 
post-Cambrian (from the group of 39 as referred to m the text). 

C and D — the KaO content plotted against the corresponding Na^O 
content. 
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values and the mean around 1.5 per cent Na20 is over 4i.9 per 
cent. There appears some tendency for the K 2 O concentration 
to fall at lower NagO levels. 

All this appears to fit in with the view that in Cambrian 
time, with extension back into pre-Cambrian, K 2 O was b eing 
over-returned to the shales subsequent to a period in which the 
return was either not made or poorly made, and that once the 
KgO was replaced in the rock it was not readily lost when 
elevated later on the land surface. A Mesozoic or Cenozoic 
shale with high Na 20 , indicating one cycle of deposition shows 
also little or no K return, whereas with low NaaO it shows a 
tendency to a high concentration of KgO since this has been 
returned or over-returned in an earlier period. 

The lack of K return to the shales in the more recent eras 
(so far as may be judged from the relatively few figures) sug- 
gests the diversion then of much of the river K into granular 
glauconite rather than into illite. Glauconite may thus play 
an increasing and finally dominant rdle in the marine fixation 
of potassium. 

c) An argument in connection with Red Clay seems worth 
considering here. Red Clay constitutes perhaps one-third to 
oije-half or more of the whole sedimentary deposits. It appears 
to be made up in considerable part of volcanic material, with 
lower K than igneous rock, and this would seem relatively little 
weathered. It represents a high fraction of the total clay with 
relatively low contribution of K to the ocean and thence to the 
sedimentary deposits. If K has been fixed therein from the 
earliest times it would seem that an appreciaJble fraction of the 
K from the weatliered igneous rock would be prevented from 
returning to the shales. It is difficult to believe therefore that 
in Cambrian time such a proems could be occurring when the 
K was being over-returned to the terrigenous sediments. The 
matter cannot be satisfactorily tested from present Red Clay 
analyses, because not only is the true source material uncertain 
but only the superficial layers have been examined and there is 
also some doubt about the mean Na content of such samples 
(as discussed by Kuenen, 1941). 

In this conjunction it may be noted that Correns (1989) has 
emphasized the low molecular ratios of K 2 O to NagO (€2— '0,8) 

Ah, Joua. Sci. — 248, No. 11, Notzhseb, 1945 
43 
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for the Meteor samples of Red, Clay, and quotes in support the 
careful analyses of Harrison and Jukes-Brown (1896) on some 
Challenger samples in support. The average of 61 analyses of 
Red Clay by Clarke and Steiger (Clarke, 1924) gives a KgO 
to Na^O ratio of 0.9. If we take the ratio for the volcanic source 
material as computed by Kuenen (1941) we obtain 0.42, and 
this would therefore be the expected ratio if there were little 
weathering. The findings of Correns would thus receive quite a 
simple explanation without recourse to base exchange and special 
adsorption hypotheses. The following statement of Correns 
(1939) the present writer finds especially strange. “Fossil days 
very rarely exhibit this predominance of Na. After they pass 
from their environment they come into the influence of terres' 
trial solutions which are rich in K.” As it stands this would 
appear to imply that terrigenous sediments show similar KjO* NagO 
ratios to Red Clay, and that when elevated on the land surface 
they are in general exposed to solutions richer in E than the ocean, 
which is contrary to the available evidence. 

If K was not being fixed appreciably in Red Clay as in the 
terrigenous or near shore sediments of Cambrian time, the 
reason may be attributed to the presence of much larger 
amounts of organic matter in the latter, coupled with a rela- 
tively high oceanic K content. 

d) The occurrence of a relatively alkaline pre-Cambrian 
ocean with low Ca content as postulated by Daly (1909, 
1910) would receive an explanation in K removal from the 
ocean being dependent on the large scale appearance of organic 
matter occurring presumably in the late pre-Cambrian period. 
The associated release of acid fihen would decrease the alkalinity 
and increase tlie Ca content as already discussed (Conway, 
1943). 

If in regions the local removal of K is sufficiently rapid, as 
we may conceive it to be under certain conditions of glauconite 
formation in foraminiferal tests, the water may become suffi- 
ciently acid to be aggressive to calcareous cement and explain 
such observations as those of Oakley (1943). 

While such arguments and evidence support the view that K 
was not removed from the ocean at the same rate throughout, 
but was removed but little at first and had later a peak period 
(in late pre-Cambrian extending perhaps into Cambrian time). 

Hutchinson refers to Eskola’s figures for Archaean argilla- 
ceous sediments (1932) being consistent with the uniformi- 
tarian view that K removal started as soon as the ocean devel- 



601 


Mem Losses of Na, Ca, etc, 

oped, though commenting at the same time on the meagreness 
of the data. It is true that such results are not inconsistent 
with this view, but on examination it will be found that Eskola 
has listed five such analyses of varved mica-schist (samples 1, 
2, 3, 4, 7 of his table), and refers the high potash in two of 
the samples (Nos. 3 and 4) to an approximately syenitic com- 
position of the original igneous rock. This would leave only 
three for consideration and but two show Na sufficiently 
weathered. One of these may be advanced for and one against 
the hypothesis that K was not being returned to the Archaean 
sediments. If we include as well the analyses of calcareous 
concretions in the mica-scliist (Nos. 8 and 9, the CaO content 
of which does not at the same time exceed about 13 per cent) 
these would show no K return. Clearly, however, the data are 
altogether too meagre. 

Organic life in the Archaean ocean. 

For the presence of organic hfe in Archaean time, there is 
the evidence of finely disseminated carbon, in the form of 
graphite in schists of argillaceous composition. The amount 
found by Eskola was 0.31 per cent (1932). Pettijohn (1943) 
refers to Grout’s analyses of caibon-ibearing slates and gray- 
wackes of the Canadian Shield, in which 1.7-1. 9 per cent of 
‘‘organic matter” was found. The following statement of 
Eskola is of interest. “The Finnish geologists are well aware 
that not all occurrences of graphite are of a primary sedi- 
mentary origin. Numerous occurrences, some of them con- 
nected with sulphide deposits, have been interpreted as prod- 
ucts of metasomatism (c.f. Laitakari, 1925). It is the occur- 
rence of primary sedimentary structures, observed at all 
different stages of metamorphism, even in the older Archaean 
that has led the investigators to the conclusion that the carbon- 
bearing schists also comprise bituminous shales formed in the 
same way as recent bituminous muds in deep coloured basins in 
which hydrogen sulphide results from the decay of organic 
substances in the absence of oxygen.” 

Firstly, it may be pointed out that the average organic car- 
bon in Palaeozoic shales is 0.9 per cent while the C in the sample 
of carbon, -bearing Archaean schist is given as 0.3 per cent. 
Apart from this, in the above statement an atmospheric oxygen 
content of a similar order to present conditions is assumed. 
Such a conclusion is questionable, and it is possible that in the 



602 Edward J. Conway. 

Archaean or early Archaean the atmosphere may have been 
predominantly reducing rather than oxidising. Some evidence 
for this may he deduced from tihe iron analyses, though of its 
nature it is merely tentative owing to the comparatively meagre 
chemical data for Archaean argillaceous sediments, as wdl i|,s 
exact studies of the metamorphism compared with similar hut 
later formations. Thus for the mica-schists and phyllites as 
given 'by Bskola (1932) the mean ferric iron content as a 
ratio of the whole is 0.17, For 6 graywackes as listed by 
Pettijohn (1943) the mean is 0.18. For 30 later gray- 
wackes (TyreU, 1933) the ratio is 0.47 and for 6 later mica- 
schists (Clarke, 1924) the mean is 0.27. It may be added that 
the mean figure for Cambrian and post-Cambrian shale is 0.60. 

In the metamorphism of shales to slates, phyllites and finally 
miea-schist, there is a progressive reduction of the iron but in 
the Archaean schists and phyllites this process appears to have 
gone much farther. Also the difference between the ferric con- 
tent of the Archaean and later graywackes is striking. Yet 
from Pettijohn’s description it may be gathered that there is 
no significant metamorphic difference between these early and 
late graywackes, and the varved schists described by Eskola 
show only a low grade metamorphism or diagenesis apparently 
not greater than fo'r such schists in general. Why then is there 
a considerably lower ferric iron content? It may be sug- 
gested that the atmospheric conditions prevailing at their for- 
mation were of a kind which assisted the change of ferric to 
ferrous iron, and if so the atmosphere must have been almost 
entirely free of oxygen. This may be shown as follows. 

' The characteristic potentials of the oxygen and the iron 
sys'tem at pH = 0 are 1.3 and 0.75, but owing to hydrate for- 
mation the iron potentials are not given for high pH values. 
Yet from the fact that for Red Clay the ferric to ferrous ratio 
is 9 : 1 and that some of the ferrous iron may be expected to be 
protected within space lattices, the differences between the E 
values for the two systems in such marine conditions must be 
at least about 0.06 volt, which, though a very rough considera- 
tion is all that is necessary for the following deduction. The 
general redox equation of the oxygen system may be written 

Eb ^ Eo + 0.015 log P - O.OOpH 

where Ej, is the potential against the normal hydrogen electrode. 
At a fixed pH (which we may take as the present marine pH) 
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to lower Eh 'by 0.06 by changing- the oxygen pressure frods 
to P 2 gives the relation — 

4 0 = log P 1 /P 2 

or, Pj is then 10,000 times as great as P 2 . 

Even if the atmosphere were practically oxygen free, this 
does not preclude the existence of organic life, but since the 
anaerobic life is known to be very inefficient from the stand- 
point of energetics, dt would render improbable any large 
volume comparable to present conditions. 

A further point which may be of much importance in relation 
to the fixation of K, is the fact that multicellular animals 
(which presumably did not develop until the late pre-Cambrian) 
that are buried in the soft iimds, or burrow through them, or 
again are inclosed in shells which inhibit their contents in solu- 
tion from quickly diffusing away after death, may present 
then, for some appreciable time, a zone of relatively high K 
concentration. This with present marine conditions would 
amount tO' upwards of 40 times the oceanic K. 

Consideration of Noll’s synthesis work (1936) at raised 
temperatures suggests that such a condition would be a favor- 
able one for the formation of iUite from montmorillonite, the 
ease of which conversion is pointed out by Grim (1989) who, 
referring also to Noll’s work, considers the pfit of the environ- 
ment and the character of the alkali or alkali earth present as 
likely controlling factors. 

While such arguments as given above may be advanced in 
support of the general course of the oceanic potassium con- 
centration developed in a previous paper (Conway, 1943), 
it is true that the exact position of the potassium peak in the 
pre-Cambrian was rather arbitrarily chosen. Described as the 
provisional peak of the curve, it was considered desirable none 
the less to present dt so as a possible aid for subsequent and 
better documented advances. The point selected was the third 
quarter of pre-Cambrian time, it being assumed that for the 
first half the oceanic sediments were relatively free of organic 
life, which began to develop largely in the second half, the peak 
of the K curve occurring about mid-way therein. 

It is reasonable, anyhow, to suppose that for some fraction 
of pre-Cambrian time the oceanic sediments were free from the 
debris of dead cells, that the accumulation occurred gradually. 
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and that if, as supported by such reasoning as above this 
organic matter was operative in fixing potassium in the shales 
(when combined at least with a high oceanic K), then a fall 
after an initial rise with the appearance of a peak on the curve 
of oceanic K concentration must have occurred. This wo-uld 
have happened some time before the Cambrian shales were laid 
down, as is evident from the over-return of K to these 
formations. 

It will appear, however, that to settle such large questions of 
marine geochemistry many more analyses of argillaceous sedi- 
ments of various ages are necessary, and if the present writer’s 
work has called attention to theoretical advances that may well 
follow such study, he feels it will have been amply justified, 

I wish to acknowledge my indebtedness to Professor Hultchsin- 
son and the American Society of Petroleum Geologists for their 
kindness in sending me copies of literature which was here 
unavailable. 
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A KINETIC THEORY ON THE ORIGIN OF 
OROGENIC FORCES. 

JOEL E. FISHER. 

ABSTRACT. Disturbance of the earth’s axis of gyration is considered 
as a possible cause of crustal deformation. It is shown that tilting of 
this axis by 1(K, or a small translation of the axis, would be quantitatively 
sufficient for the results displayed in the great orogenic belts. As the 
initiating cause, leveling of great highlands by erosion, wifh transfer of the 
debris through moderate distances, would disturb the axis of gyration and 
thus set up new orogenic forces. Such an interplay of action and reaction 
may explain the succession of orogenic episodes through geologic time. 

T he origin of the forces which have compressed beds of sedi- 
mentary rock into mountain folds — at times overturning 
them, even thrusting one limb of a fold tens of miles past the 
other — ^has always been an appealing subject, and there is a 
great literature on the subject. Secular cooling; chemical and 
crystallographic changes of minerals comprising the sediments ; 
crowding of the crust through igneous activity; isostatic 
adjustment, and Reade’s isogeotherm theory have all been put 
forward, but none of them has ever seemed to the writer to be 
capable of developing horizontal forces of the character neces- 
sary to produce the stupendous folding found* in the great 
mountain ranges of the earth. 

E. C. Andrews (page 90T, Report of the Fifth Pacific Science 
Congress, and page 251, Vol, LXVII, Proceedings of the Royal 
Society of New South Wales, 1984) touched on the rotation 
of the earth as possibly tending to transform vertical isostatic 
movements into horizontal forces; not only does that appear 
to the writer to be sound, but it is the writer’s opinion that the 
broader kinetic principles of any rotating object may be 
applied successfully to the earth in a far wider manner and 
made to explain intelligently the origin of almost all great 
mountain making movements. The application of these kinetic 
principles to this problem will depend on whether it can be 
proved that the axis of gyration of the earth under the influ- 
ence of transfers of mass about its surface, may actually shift 
aibout within the earth sufficiently to produce substantial forces 
elsewhere within the earth, as the rotating earth seeks to re-ad- 
just itself to such new positions of its axis. 
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Before attempting to calculate any quantitative anstrers, 
it must be thoroughly understood that a shift of the axis of 
gyration of the earth does not imply any bodily rotating of 
the earth on any secondary axis iby ou'tside fo-rces — shifting of 
the axis of gyration of the earth is no more than the natural 
drift of that axis of gyration, ■within the earth, -without the ' 
intervention of any external agency other than solar heat, as 
the moments of inertia of one section or another of the earth 
are sKghtly altered, through erosion, sedimentation, uplift or 
sinldng; accumulation of glacier ice, etc. It may hdp the 
reader to understand the problem by citing a homely example: 
Drop a round fiat wooden disc in a wide tub of water, and give 
it a spin ; if balanced, it -will spin around on its center ; then 
lightly place a moderate weight at some point near its rim; 
its “axis of gyration” will instantly shift to a point nearer that 
weight, the disc will then rotate like an eccentric. Consider the 
weight dropped on one edge of the disc as sediment removed 
from the other side of the earth, and the analogy is good, as to 
either the Northern or Southern Heimisphere alone. But to 
give a truer (yet not a perfect) analogy to the earth, a pair 
of such wooden discs, mounted together on a single short spin- 
dle, would be required, such that the “off-balancing” of one 
disc (one hemisphere) could be made to one side, and of the 
other disc (or hemisphere) to the opposite side — this, to accom- 
plish a tilting of the axis of gyration, instead of simply trans- 
lating it. 

Applying this example to the earth, it is quite reasonable to 
assume that, as the moments of inertia of one sector or another 
vary, as a result of transportation of sediments about its sur- 
face, there will be some shifting of the axis of gyration within 
the earth ; if such shifting is a tilting of the axis of gyration, 
a new equator, inclined at an angle to the old equator, will 
result, and there will be developed north and south forces tend- 
ing to move the earth’s equatorial bulge from the location of 
the former equator to* its new location ; also, whether the shift- 
ing of the axis is a tilting or a translation, certain parts of the 
earth -will be at a greater radius from the new axis than they 
wore from, the old — and for that reason will be impelled to move 
at a greater lineal velocity than formerly. The forces 
developed in these latter instances will of course be east-west 
forces. 
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Now it will be apparent that any disbalanced sector of the 
earth, under the influence of the above-described forces, might 
theoretically move all the way to the locus of zero intensity,* 
seeking equilibrium, if there were no resistance of friction or 
otherwise, from the rest of the crust of the earth against such 
motion. 

In other words, there is no near limit to the horizontal dis- 
tance through which the previously described forces may con- 
tinue to push onwards portions of the crust of the earth — ^no 
near limit, that is, until such forces are balanced by other 
agencies, such as firic.tion. 

This kinetic theory, by reason of the nature of the origin of 
its forces, totally different from those others mentioned above, 
is thus uniquely capable of accounting for the great “nappes,” 
representing 50 miles or more of horizontal displacement in the 
Alps, and in other externally weak parts of the crust. 

It will be apparent that the maximum intensity of these 
forces, either north-south or east-west, will be at some point 
along the meridians which represent the intersection with the 
surface of the earth, of the plane which contains both the 
former and the new axis of gyration. Intensity at other 
meridians will decrease in proportion to the cosine of the depar- 
ture in longitude of that meridian from the meridian of greatest 
intensity. 

It can also be shown, mathematically, that as to tilting of 
the axis, these forces will he greatest at latitude 45 along the 
said meridians, decreasing to zero at the equator and at both 
poles ; as to a translation of the axis, it can likewise be shown, 
mathematically, that the forces will be greatest along those 
meridians at the equator, decreasing to zero at both poles. 

It can further be shown, mathematically, that the total 
north-south (or east-west) forces, at any given latitude A 
resulting fiom any given tilt, 6, of the axis, can be repre- 
sented by 

4^Nn*M cos^A — 47r2N2rMcos2(A-<9) (1) 

where N is the rotational velocity of the earth 
M is the mass of the earth 

r is a mean radius, approximately its radius of gyration. 

* The distance might theoretically be as much as 90 ° of longitude in the 
case of a tilted aids, or for translation, as to east-west forces ; the equator 
or the nearest pole would be the ultimate limits for the north-south, forces 
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Where there is na tilting of the axis of gyration, but only 
translation, the total forces at any given latitude can be repre- 
sented by 

( 2 ) 

Here, N, r, M have the same meanings; d represents the 
lineal distance of translation of the axis, and R the radius of 
the earth. , 

If the forces expressed by the above equation (1) be consid- 
ered as north-south forces, they can be regarded simply as a 
local change in centrifugal force to the earth, due to this tilting 
of the axis. 

It is thus possible to measure, quantitatively, the forces 
expressed by the above equations, by Tveighing them (considered 
as a local change in the centrifugal force) against the total 
centrifugal force of the earth, which is 4ir^N®rM. We know 
that it is this total centrifugal force which produces the equa- 
torial bulge; the work done in raising that bulge can be cal- 
culated, in terms of cubic miles of crust uplifted so many miles, 
by a relatively simple plotting of the diameters of the earth 
at successive latitudes, together with consideration of the cir- 
cumferences of the earth at those same latitudes. The total 
work thus done in raising the equatorial bulge by the earth’s 
total centrifugal force, 4T®N^rM works out as equivalent to 
raising 225,000,000 cubic miles of the earth’s crust, 4 miles, 
vertically against gravity 

Applying this to the above equation (1), we find that, for a 
tilting of the axis of gyration by 10', 2,600,000 cubic miles of 
the earth’s crust could be lifted 4 miles by these forces, be they 
north-isouth or east-west. It can likewise be calculated that a 
lineal translation of the axis bv some 3 miles would produce a 
substantially equivalent amount of work (equation 2). 

Inasmuch as a very considerable part of the work done by 
such forces is bound to be dissipated as heat through friction 
(witness the metamorphism observed in almost all folded sedi- 
mentary rocks) — ^we may hazard the estimate that if unrelieved 
by acceleration of the disbalanced sector, two-thirds of the 
energy (developed in the earth by any shift of its axis) goes 
into heat — one-third only into actual elevating of sedimentary 
rocks, through folding and thrust faulting, against gravity — 
its only other possible relief. Thus 800,000 cubic miles of 



610 Joel E. Fkher — A Kinetic 

crust, elevated 4 miles against gravity, is a measure of what 
one might expect, from 10' shift of the axis. This is of the 
order of magnitude of- the uplifts involved in the Alps-Cauca- 
sus-Himalaya or in the American Cordillera. 

We will next proceeed to examine whether transpo'rtations 
of sediments of the order of magnitude comparable to geologi- 
cal records might have produced a tilt of about 10' in the axis 
of gyration. 

Any mathematical calculation of the possible tilt of the axis 
from such a redisposition of sediments requires an assumption 
of the volume of those sedim«its and the distance they were 
transported. For purposes of this calculation, the writer has 
selected the widespread deposits of Cretaceous time and has 
assumed that these deposits at their prastine maximum were, if 
anything, greater in volume than the present volume of North 
America, measured down to the ocean floor. As to distance 
transported, their fine grained sediments may well have been 
carried 2,000kmiles — and in so far as concerns the calcium and 
magnesium which so much Cretaceous rock carries, if such ele- 
ments were deposited by precipitation out of world-wide seas, 
the ^‘travel” of such deposits would be much greater, as every 
ton so precipitated would draw from the tonnage in solution 
throughout the world. 

With these very general assumptions, the writer has calcu- 
lated that such Cretaceous deposits may well have caused a tilt 
of well over 10 minute in the axis of the earth. 

This calculation seems to be supported by a calculation of 
W. D. Lambert of the U. S. Coast and Geodetic Survey, 
referred to in Bowie’s paper in “American Petroleum Institute 
Symposium” (on Wegener). In that paper, it is stated that 
i^ambert calculated that the hypothetical drift of North 
America to its present position, from Europe, would have tilted 
the^axis OChrainutes. With volumes and distances substantially 
identical, the 10 minute plus tilt calculated for Cretaceous 
sediments seems fairly conservative. Beyond that, as a drift- 
ing’ of a continent would involve only the interchange of rock, 
density 2,7, with sea water, density 1, while transfer of sedi- 
ments ’Would involve largely the interchange of rock, density 
2'.7, with the atmosphere, density 0, (and only to a smaller 
extent with water, density 1) additional weight would attach to 
a' transfer Uf sediments, in a comparison with continental drift. 
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Cretaceous sedimentation, therefore, appears competent to 
have tilted the axis of the earth by 10 minutes of arc vdth 
considerable margin to spare. 

Thus we have answers, quantitative to a reasonable degree, 
to both parts of the problem : 

1 — Shifts of the earth’s axis, as much as 10', can have taken 
place as a result of transfers of sediments (continental glacia- 
tion and deep seated convection currents, other possibilities, 
could also contribute) ; and 

2 — Shifts of 10' in the axis have been shown to be sufficient 
to raise up mountain ranges, comparable to those existing 
today, even after allowing ample waste of work in friction and 
heat. 

By reason of the lack of homogeneity of the earth’s crust, 
certain parts are naturally more yielding than others. As will 
be explained below, mountains can devdop only in the more 
yielding sections ; but this very ability to yield makes them act 
as a lens which concentrates into that section forces from a 
wider section of the earth. 

The question will be asked, why did not asostasy, for which 
there is strong evidence, absorb these disbalances of sectors of 
the earth at the very start? In a great many instances, it no 
doubt did absorb them. Only where the crust was unable to 
yield quickly enough, under isostatic pressure, did these dis- 
balances come into being sufficiently to disturb the earth’s axis 
of gyration. And when the axis was shifted, it still does not 
follow necessarily that mountain ranges will be lifted up. It 
does follow; to be true, that horizontal forces will be set up in 
the crust of the earth. These horizontal forces, if nothing 
yields, will simply accelerate or decelerate that particular sec- 
tor of the earth, temporarily out of balance in its kinetic energy 
(as a result of a change in its radius of gyration) until, by its 
altered lineal velocity, its actual kinetic energy will fall in 
agreement with that which the rest of the earth is trying to 
impress upon it. However, if dn the line of those horizontal 
foirces there exists a thick prism of sedimentary rock, more 
capable of yielding than the rest of the crystalline crust of the 
earth, it is possible that those yielding sedimentary beds may 
be folded into mountain ranges by these forces. There is no 
other way out for these forces — either acceleration of the unbal- 
anced sector, or work against gravity, partly dissipated as heat 
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of friction. Mountain folds are thus a rather rare phenomenon, 
depending on a combination of several completely unrelated 
factors. 

It will he recognized that such resulting uplifts, to the extent 
that they do not sink back by isostasy, constitute a secondary 
disbalance as to the axis of gyration of the earth, opposite, in 
general, in effect to that of the disbalance which first initiated 
those horizontal forces. Thus, to a degree, a disbalance, once 
started, oscillates back and forth about the surface of the 
earth, each oscillation decreasing in amplitude, until all its 
work is dissipated as heat. 

It will also be recognized that to the extent that the kinetic 
energy of the earth as a whole is converted into heat by the 
above described reactions, to that extent does this kinetic prin- 
ciple operate as a brake on the rotations of the earth. It can 
be calculated that a tilting of KK of the axis of the earth would 
reduce the rotational velocity of the earth by about 3/1000 of 
1 per cent. To the extent that the kinetic forces do work 
against gravity, to that extent is there no change in the total 
energy of the earth. 

The amount of shift of the axis is thus seen as merely the 
size of the fulcrum by which kinetic energy, released locally in 
one part of the earth, is transferred to some other part of the 
earth : if yielding beds of sedimentary rock happen to be in the 
path of this transfer, the chances are that they will be folded 
into mountain ranges, thus converting the energy into work 
against gravity, or dissipating it as heat. 

Professor R. T. Chamiberlin has called the writer’s particu- 
lar attention to the fact that there are no indications of defor- 
mat’on by folding on the moon, where applications of equations 
1 and 2 above would give vastly smaller results. 

Possibly it may some day be found that the very hot white 
dwarf stars have a high rotational velocity — the cool red- 
dwarfs a low rotational velocity — ^pointing to a conclusion at 
the other end of the scale, that it is a constant state of extreme 
diastrophism, due to the great mass and high rotational velocity 
of these white dwarfs, which gives them their great heat. 

To apply the above theories to the earth today, we do find 
the Alps-Caucasus-Himalaya, an east-west range, obviously 
formed by north-south forces, centering more or less near 45° 
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north latitude, (the latitude of maximum effectiveness for north- 
south forces that would result from tilting of the axis). 

And the American Cordillera, a north-south range obviously 
formed by east-west forces, runs right aci’oss the equator — 
strongly suggesting that it is the result of some translation of 
the axis oif gyration (a translation produces principally east- 
west forces, nor do its forces drop to zero at the equator, as do 
the forces resulting from a tilting of the axis). An interesting 
sidelight on such a translation may be found in the reported 
westward drift of Greenland. Had the axis of the earth been 
actually translated towards about 80® west longitude, and were 
the spherical conformation of the earth still adjusting itself 
slowly, in the polar regions, to that translation, celestial 
observations over a period of time, for longitude in the Arctic 
to the east oif 80® west longitude, would show an apparent west- 
ward drift of the observer as the curvature of polar surfaces 
was gradually losing its eccentricity. 

In conclusion, the kinetic theory of mountain making forces 
does not demand that all mountains be credited to it; it does 
not to any degree deny the existence of isostasy ; it does, never- 
theless, appear as the reasonaible mechanical reaction of the 
rotating earth (acting as a nearly but not an entirely rigid 
body) to moderate redistribution of mass about its surface due 
to normal deformations of its surface features by erosion and 
other causes. Quantitatively, it has been shown that the trans- 
portation of masses during whole geological periods are suffi- 
cient to have tilted the axis of the earth in the order of magni- 
tude of 10' (or equivalent translations) ; and it has been shown 
that such shiftings of the axis of gyration of the earth would 
be sufficient to have lifted up the existing major mountain 
ranges of the earth, after allowing for substantial losses by 
heat. (Detailed calculations, giving the figures used above, 
are available on application to the writer by anyone interested 
in verifying them.) 

This kinetic theory of mountain making I thus offer as the 
principal, although not the sole origin of orogenic forces of 
the earth. 

The writer wishes to acknowledge to Professo>rs Chester R. 
Longwell and R. T. Chamberlin their many helpful suggestions 
in developing thds subject. 
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LATE GEOLOGIC HISTORY OF THE 
PACIFIC BASIN.^ 

HAROLD T. STEARNS. 

ABSTRACT. The Pacaflc Basin as used herein is that part of the 
Pacific whidi lies east of the Sial line and west of the continental shelves 
of the Americas. Intense folding and faulting in the Pacific region in the 
Neogene caused enormous quantities of basaltic magma to rise into the 
suboceanic crust as individual bodies along fissures. These bodies erupted 
to build thousands of volcanoes, many of which formed long narrow islands 
and far-flung archipelagoes. Wind and water dispersed animal and plant 
life chiefly eastward and northward across these island stepping stones 
Volcanic activity waned at the close of the Pliocene and the higher islands 
were deeply eroded by streams and cliffed by the sea. During the waning 
phase the magma reservoirs differentiated, and andesites, soda trachytes, 
and nepheline basalts were erupted. Each volcano passed through an 
orderly sequence of phases but some died before completing them all. A 
great subsidence occurred at the end of the Pliocene deeply drowning 
valley mouths and cansing their rapid alluviation. Coral reefs formed on 
shore platforms and subsided During the early Pleistocene, part, if not 
all, of the islands emerged rapidly about 1,000 feet. After this emergence, 
changes m the volume of the ocean concurrent with glaciations and deglacia- 
tions left eustatic strand lines on the islands both above and below present 
sea level. The later Quaternary was a time of renewed volcanism on a 
much smaller scale and the building of coral reefs according to the Daly 
glacial-control hypothesis. Some islands had only scattered lava flows, 
others had numerous flows sufficient to mask most, if not all, of the eroded 
Pliocene topography. The later lavas are very diverse petrologic types 
and apparently include all the nepheline and melilite-nepheline basalts. 
Stability characterized the islands during the late Quaternary, as Shown 
by widespread eustatic shore lines 6 and 2fi feet above present sea level. 
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Late Geologic History of the Pacific Btisin. 

INTBODirCTION. 

T he “Pacific Basin” as used herein is the region bounded on 
the west by the Sial line and on the east by the edge of the 
continental shelf of the Americas (Pig. 1). The average depth 
of the Pacific Ocean is about 14!, 190 feet (Daly, 1939, p. 4*2). 
Its area is greater than all the land on earth. 

The Sial line lies a little east of the andesite line (Gutenberg, 
1939, p. 303). All islands in which continental rocks includ- 
ing silicious plutonics, hornblende andesites, or metamorphics 
are exposed lie west of the line. The line is the probable 
boundary of the continental platform of Australasia. Pellets 
of Tertiary limestones containing Lepidocyclma have been 
found in consolidated beach conglomerate on Jabor Islet in 
Jaluit AtoU in the Marshall Group (Yabe and Aoki, 1922, pi. 
4i). These have probably been derived by wave action from 
outcrops not far below sea level. The Marshall, Gilbert, and 
Ellice islands appear to lie on great folds at the outer margin 
of the Australasian platform and they may be underlain by 
Sialic rocks. 

The islands east of the line are called oceanic islands but to 
zoogeographers this word has a different meaning. Simatic 
islands would perhaps be a better name, as all are basalt or 
closely allied rocks or thought to be underlain by them. The 
islands west of the line are known as continental islands but 
many carry only oceanic fauna. These islands might be called 
Sialic islands from the character of their basement, as all are 
composed of or are believed to be underlain by continental 
rocks. 

The purpose of this paper is to give a brief synopsis of vol- 
canism in the Pacific Basin, based on the writer’s work there 
since 1924!. 


TYPES OF BOOKS. 

All islands within the Pacific Basin are made of lava or coral 
limestone and it is generally agreed among geologists that all 
the coral islands have volcanic basements. 

The volcanic rocks are predominantly basalt, with primitive 
olivine basalt constituting more than 90 per cent of the bulk. 

Am. Joua. Sci. — ^V ol. 248, No. H, NovEMMia, 1945. 
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Fig. 1. Map of the Pacific Basm. Sial line indicates probable eastern edge of continental rocks. 
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Nephcline basalts^ melilite-nepheline basalts, picrite-basalts, 
basaltic andesites, andesitic basalts, oligoclase andesites, and 
soda trachytes make up the balance. They ar§ chiefly differ- 
entiation products of isolated magma reservoirs underlying 
individual volcanoes (Fig. 2). Dunites, gabbros, and related 



Fio. 2. Diagram illustrating a manner in ’which lavas of differing com- 
position might be erupted simultaneously from fissures tapping different 
parts of the magma reservoir. A, andesite; B, basaltic andesite; C, basalt; 
D, picrite-basalt; E, trachyte; 1, dike erupting andesite; 2, dike erupting 
basaltic andesite; 3, dike erupting basalt; 4, dike erupting picrite-basalt; 5, 
dike erupting trachyte (after Stearns and Macdonald, Fig. 4(6). 

coarse-grained silica-poor rocks are found in the eroded cores 
of some of the volcanoes or as xenoliths in lava flows. Some 
of these rocks have been mistakenly reported as evidence of 
subjacent continental rocks. Marshall (1924, p. 733) has 
ciearly shown that no continental rocks have been found in 
place in Polynesia. The only rock with possible continental 
affinities is the silica-rich Obsidian from Easter Island on the 
submarine Albatross Plateau. Daly (1938, p, 36) believes 
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that this obsidian may be remelted granite, but Bandy (1937, 
p. 1,607), who mapped the island and studied the rocks, be- 
lieves that St is a differentiate from basalt. 

AGE or THE ROCKS. 

The great bulk of the volcanic rocks exposed above sea level 
is of Neogene or earliest Pleistocene(.'') age and these rocks 
in the higher islands are deeply eroded. Superimposed and 
usually unconformable on the older volcanics are the much less 
abundant middle and late Pleistocene volcanics. Least volumi- 
nous of all are the Recent volcanics. The oldest known lime- 
stone is the emerged Miocene reef on Mangaia Island (Mar- 
shall, 1927, p. 44). Most other emerged reef rock is probably 
Pleistocene. 


PUANT AND ANIMAL DISPERSAL. 

The form of the Pacific Basin at the beginning of the Ter- 
tiary is not well known. We know, however, that the high vol- 
canoes forming the Circle of IHre of the Pacific did not exist. 
The probable boundary of the former Melanesian continent in 
the southwest Pacific has been shown on a map by Ladd (1934, 
Fig. 6). It does not touch Little or South America. Gregory 
(1930, pp. 72-136) has summarized the biologic and geologic 
evidence of land bridges, some of which points to the existence 
of connections between Australia, New Zealand, Antarctica, 
and South America in the early Tertiary. Simpson (1939, 
p. 767) concludes, however, “There is no known biotic fact 
that demands an Antarctic land migration route for its 
explanation . . .” Some of the conflict in thought regarding 
these land connections has resulted from considering them to be 
continental rocks. Perhaps these early bridges if they existed, 
were extensive basaltic plateaus. Fragments of sunken plateaus 
would now be indistinguishable from other basaltic xenoliths 
and ejecta. Zimmerman (1942, p. 306) has presented con- 
vincing evidence that there is nothing in the insect faunas “to 
Indicate any great age for their development and nothing that 
W*otild demand extensive land areas or land bridges in fhe 
Pacific.” 

The writer visualizes the Pacific Basin at the close of the 
Pliocene as characterized by isolated volcanic cones and many 
narrow elongate islands built by volcanoes along fissures, some 
of which were separated from adjacent islands by fairly 
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narrow straits. Tlie plants and animals (not man, who oame 
mnch later) crossed on the island stepping stones and spread 
unimpeded over extensive dome-shaped mountains. They wore 
dispersed chiefly by wind and water from the southwest where 
islands were close together. 

NATTJEE OF CEUSTAL MOVEMENT. 

The mountains stretching southward from Japan through 
Java to India along the western side of the Sial line have been 
shown by many geologists to have been built by intense folding 
which started in the early Tertiary and was vigorously renewed 
in the Pliocene. Islands at the very edge of the Pacific Basin, 
such as Guam, show intense folding and overthrust faulting in 
Neogene time (Stearns, 19410b, p. 1948). The Coast Range of 
California shows strong folding on the east side of the basin 
in Miocene and Pliocene time. We can he fairly certain, there- 
fore, that folding characterized the shores of the basin during 
the Neogene and that orogenic movements continued into the 
Pleistocene along part of the shores. The basin cracked open 
along definite lines (Dana, 1894, p. 3T) which may have been 
edielon tension faulting, Hobbs (1944, p. 261) bdieves they 
are compressional faults bounding 'lagging blocks in a sinking 
crust. Strike-slip faulting has recently been proposed by Betz 
and Hess (1942, p. 116). Some geologists favor the theory 
that fault cracks indicate the crests of folds and are evidence 
of folding (Chubb, 1934, p, 296). Williams (1933, p. 7) 
thinks that the fault cracks may lie along thrust planes. 
Whether compression or tension dominated the structure of the 
basin has not .been determined. 

MAjrOE EPOCH OF VOLCANISM. 

The Tertiary movements ruptured the basaltic crust in so 
many places that enormous quantities of primitive olivine basal- 
tic magma gushed forth. Thousands of islands and submarine 
volcanic cones in the Pacific were built by this great effusion 
of lava. Explosions characterized the shallow submarine erup- 
tions. The lack of soils interstratified with these early lavas 
is proof of the rapidity of their extrusion. It is probable 
that this epoch of volcanism exceeded in volume and i*apidity 
of extrusion any other since Cambrian time. By the close of 
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tihe Pliocene, island after island broke the surface of the 
Pacific. It as possible that some of the magma was squeezed 
from under the continents adding materially to the volume of 
the basaltic substratum under the Pacific Basin. Regardless 
of its source, the magma must have caused some tumescence. 

Detailed studies by the writer of specific volcanic archi- 
pelagoes in the Pacific indicate that most volcanoes apparently 
were not connected directly to a liquid substratum during their 
late histories. Many thousands of individual gas-charged 
bodies of magma escaped from the substratum and stoped and 
melted their way upward. A gigantic earth carnival released 
its stock of toy balloons and al rose upward against a ceiling 
of dense rock, kept cool and solid by the superjacent ocean. 
Each body passed through an independent history, controlled 
probably in its eruptive mechanism by geophysical and astro- 
physical forces. Perhaps these forces acted and reacted upon 
many bodies simultaneously but the time of extinction of each 
body and the kinds of lava extruded from it were governed by 
its individual volume, gas content, and form. 

Each subaerial volcano passes through an orderly sequence 
of phases but some die before completing them all. These 
phases are: (1) Youthful phase w’hen a shield-shaped dome is 
built of flows of primitive olivine basalt poured out in rapid 
succession; (2) mature phase with collapse of the summit and 
rifts of the dome; (3) old-age phase with extrusion of less basic 
lavas, some of which are as silica-rich as soda trachyte, and 
filling of the summit caldera ; (4) rejuvenated phase following 
. an erosional period with scattered eruptions of diverse types 
of lava (Steams, 1940a, p. 1947). 

THE GEBAT SUBSIDENCE. 

The whole Pacific Basin floor apparently collapsed as a 
result of the extrusion of so much of its underpinning and 
probably because of plastic basining from the great load of 
heavy basalts so rapidly piled upon it. But the nearly uni- 
versal presence of Plio-Pleistocene valleys on the larger islands 
indicates a relative still-stand before subsidence. On some 
islands these valleys are deeply buried by eruptives (Steams, 
1930, p. 53). The intensity of the erosion and the great size 
of the valleys manifest a much greater elevation of the islands 
than at present. Subsidence reduced the rainfall on many 
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islands .by lowering their summits below the zone of heavy rain- 
fall. The valleys are now chohed with Pleistocene debris and 
all are being alluviated. It was this intense erosional period 
that gave rise to highly diverse and local ecological conditions 
which led to ‘^explosive speciation” (Zimmerman, 1942, p. 
293). 

CoUapse and basining of the ocean floor may have started 
soon after the tumescence was relieved by the first great floods 
of lava but the deep canyons and high sea cliffs on Neogene vol- 
canoes throughout the Pacific are conclusive evidence that the 
final collapse of the floor was a delayed action not concurrent 
with the peak of volcanic activity. Stream and marine erosion 
is rapid on tropical islands of jointed thin-bedded lavas ; hence, 
the delay, measured in years, may not have been long. 

We know from deeply drowned platforms and valleys that the 
subsidence was great. Dana (1890, p. 366) believed the sub- 
sidence over a vast area of the Pacific amounted to 10,000 feet. 
Unfortunatdy most of the evidence is drowned. We can, how- 
ever, obtain a crude estimate of plastic basining. If the Fen- 
noscandia icecap 6,000 feet thick could isostatically depress the 
center of land under it 900 feet (Daly, 1926, p. 190) it is 
reasonable to assume the weight of basaltic masses 3 to 7 miles 
high, typical of Pacific islands, could depress the adjacent 
floor of the Pacific Basin a matter of a mile or more. 

Betz and Hess (1942, p. 109) have computed from gravity 
anomalies that the downbowing under the Hawaiian Islands 
amounts tO' 35,000 feet. Some errors are involved because of 
the scarcity of data, but their computation suggests the order 
of magnitude. If such a basining occurred under each volcano, 
the sum total of downbowing alone would be appreciable for the 
entire Pacific Basin. Many geologists, unfamiliar with the 
Pacific, find it difficult to imagine so great a change in the 
Pacific floor in late geologic time, but those who have done 
detailed work here are impressed with the magnitude of the 
change. Stanley (1924, p. 766), government geologist of 
Papua, writes, “There have been some stupendous earth move- 
ments during late Tertiary times — commencing probably in late 
Miocene and reaching a maximum in Late Pliocene or early 
Pleistocene.” Marshall (1924, p. 734) states, “. . . a down- 
ward movement of parts of the ocean floor of great amount has 
taken place in recent geologic time.” 
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Fracturing and folding along the Pacific borders concomi- 
tant with the sinking led to the eruptions, chiefly andesitic, that 
added to the bulk of the circum-Pacific volcanoes. The deeps 
of the Pacific that border the basin prolbably were deepened 
greatly at the close of the Pliocene by downfaulting of the 
Pacific Basin and uplift of the ocean floor to the west. 

The great subsidence of the floor of the Pacific Basin resulted 
in the drowning of canyon mouths of the older eroded islands 
in the Pacific. The gradual submergence of thousands of 
islands and banks in the coral seas gave rise to ideal conditions 
for reef development, especially atolls. The shore platforms 
and shoals so necessary for coral colonization had been pre- 
pared by planation and sedimentation during the preceding 
still-stand and vigorous erosion period. Coral atolls grew as 
living monuments to departed islands. 

RENEWEn VOLCANISM. 

The later Quaternary was a time of renewed eruptions in 
the Pacific islands but much less lava was produced than in the 
Pliocene. Some islands, such as Oahu and Tutuila, had only 
scattered lava flows but on others, such as Hawaii and Savaii, 
fairly large volumes of lava were extruded. These eruptions 
were commonly characterized by diverse types of lava depend- 
ing on the length of the repose period and the extent of local 
differentiation in the magma chamber under each volcano. The 
late lavas range from ultrabasic nepheline basalts through 
basalts and andesites to the silicious o^bsidian of Easter Island. 

PLEISTOCENE EMERGENCES AND SUBMERGENCES. 

Shore lines more than 560 feet aJbove sea level (Stearns, 
PP* 618-621 ; 1946) indicate that the floor of parts, if 
not all, of the Pacific Basin rose rapidly after the great sub- 
sidence. The emergence in Plio-Pleistocene time probably 
preceded all strands made by fluctuations of sea level caused 
by glaciation and deglaciation. How much the continents rose 
enstaticany remains to 'be determined. They may have risen 
also from Sima being squeezed under them from the adjacent 
o@sam floor. 

The general absence of pillow lavas in the islands of the 
Pacific Basin its indisputable proof that the islands were formed 
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subaerially prior to the great submergence and subsequent 
emergence. The only authentic pillow^ lavas so far reported 
Be close to sea level on Kauai in late valley-filling lavas that 
partly filled Waimea Canyon where plenty of water was avail- 
able for their formation (Stearns, 1938a, p. 26). Stark 
(1938, p. 235) reports pillow lavas on Borabora Island, but 
points out that they have a subaerial origin and do not indi- 
cate former submergence. His illustrations indicate that they 
are not detached pillows but are sections of elongate toes and 
other bulbous masses characteristic of subaerial thin pahoehoe 
lava flows. 

The basement rocks of islands west of the Sial line are 
characterized by pillow lavas and marine fossiliferous tuffs of 
Tertiary age indicating that they are submarine volcanoes 
elevated above sea level. Plio-Pleistocene coral reef lime- 
stones, little disturbed, lie unconformably on these older rocks 
up to 1,200 feet above sea‘ level (Maiwson, 1905; Stearns, 
194iOb, p. 1948). The western islands with their long under- 
sea history stand in strong contrast to the subaerial volcanic 
islands in the Pacific Basin. 

All the older islands in the Pacific Basin, not veneered with 
late Pleistocene lavas, show evidence of shifting sea levels con- 
current with Pleistocene glaciation and deglaciation. The 
5-foot and 26-foot eustatic shore lines, last in the series, are 
well established in the Pacific (Steams, 1941) . EarKer strands 
above and below sea level are being deciphered slowly (Steams, 
1935, and 1946). Stability characterized the islands during 
the late Quaternary. 

OBIOIIT or BEEFS AND ATOLLS. 

The Pleistocene was an epoch of rapid reef building. Reefs 
formed early in this epoch are deeply drowned in the Pacific 
Basin but many lie considerably aibove sea level on islands west 
of the Sial line. Many of the reefs were built on antecedent 
platforms according to the Daly hypothesis of glacial control 
but the effects of the fluctuations of sea level are deciphered 
with difficulty until near the close of the Pleistocene. The low- 
ered sea level accompanying the Wisconsin glaciation bevelled 
off isome of the previously formed reefs. Those left above the 
lowered sea weathered under tropical atmospheric agencies, 
always extremely effective in destroying limestone. When the 
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sea rose in Recent time due to the return of the glacial melt 
■water, coral colonies reinhahited shelves of -whatever origin and 
grew upward on the backs of the older reefs and atolls. The 
rise was so rapid that reefs did not develop on steep shores 
(Steams, 1944, p. 1325). Thus the Marquesas Islands and 
many parts of the coasts of islands in the Hawaiian and 
Samoan groups are reefless now. 

SUMMARY. 

1. Intense folding and faulting in the Pacific region in 
the Neogene caused enormous quantities of basaltic magma to 
rise into the thin suboceanic crust and form indi-ddual reser- 
voirs along fissures. 

2. Tremendous quantities of basalt were erupted in the 
Neogene. Chains of volcanoes, which formed fairly close- 
spaced islands throughout much of the Pacific, were built. 

3. Animal and plant life spread on island stepping stones, 
chiefly northward and eastward from Australasia because the 
islands were closer together in the southwestern part of the 
Pacific. Stream erosion deeply furrowed the higher islands 
and waves battered the shores into high cliffs. Highly diverse 
topographic and climatic conditions induced explosive specia- 
tion. 

4. Compensation for the huge volcanic piles caused the 
Pacific Basin floor to sink a large amount. Apparently an 
eustatic and epeirogenic rise of the continents resulted but the 
extent of rise has not been determined. Parts of the s’hores 
bordering the basin were tilted and uplifted. 

6. Coral reefs and atolls developed to great thicknesises on 
platforms and banks as they subsided. These reefs are now 
deeply drowned. 

6. A rapid emergence, possibly eustatic, of about 1,000 feet 
of at least part of the floor of the basin occurred in early 
Pleistocene time. 

7. A series of eustatic fluctuations in sea level accompanied 
glaciation and deglaciation. These fluctuations left narrow 
emerged reefs and weak shore lines on most volcanic islands. 
Pldstocene volcanics, commonly building up banks and extend- 
ing platforms, became favorable sites for reefs. Some of the 
reefs formed during the periods of subsidence, in the early and 
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middle Quaternary were ibeveUed 'by the lowered glacial seaa in 
late Quaternary and many, where the coast was not too deep, 
developed on their backs new thin reefs according to bhe Daly 
glacial-control hypothesis. 
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DISCUSSION, 

IOWAN AND TAZEWELL DRIFTS AND THE 
NORTH AMERICAN ICE SHEET. 

RICHARD FOSTER FLINT and HERBERT G. DORSEY, JR. 
Two Conflicting Concepts. 

T he senior author recently advanced the hypothesis that during 
the Wisconsin Glacial Age North America east of the Rocky 
Mountains was glaciated not by two originally separate “Kee- 
watm” and “Labrador” ice sheets but by a single Laurentide Ice 
Sheet, developed by westward growth from initial glaciers occupy- 
ing highlands in the northeastern part of the continent (Flint 
1948). 

In a paper aimed at broad regional correlation of the Wisconsin 
drifts Antevs (1946) suggests that the concept of a single Lauren- 
tide glacier is incompatible with the age relations of the Wisconsin 
drifts west and south of the Great Lakes. He thinks it improbable 
that Laurentide ice could have gro%vn far enough west to build the 
Iowan drift in Iowa without having built, at the same time or even 
sooner, a drift having the areal distribution of the Tazewell drift 
in Ohio, Indiana, and Illinois. Since, as is well known, the Iowan 
drift is at least several thousand years older than the TazeweU. 
Antevs rejects the single-ice-sheet concept and states his continued 
adherence (with some modifications) to the scheme proposed in 19 Id 
by Enquist (1916), and summarized later in the present paper. 

The principal question, then, is this : does the fact that the Iowan 
drift is older than the Tazewell drift dispose of the concept of a 
single Laurentide Ice Sheet which grew westward from origins in 
the northeast, and demand instead a return to the idea of a separate 
“Keewatin Ice Sheet” which spread southward and reached north- 
ern Iowa before a separate eastern glacier could reach northern 
Illinois? Or, on the other hand, is the age difference compatible 
with the concept of a single Laurentide ice mass ^ 

The present writers are aware of the problem implicit in the off- 
set dates of the Iowan and Tazewell drifts. It was pointed out 
by the senior author (Flint, p. 387) that the areas of greatest 
precipitation and net accumulation of glacier ice constituted domes 
on the ice surface, and that these domes shifted in response to vari- 
ation in snowfall. This statement deserves amplification, which Is 
given in the following section. 
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Existing Climate and the Zonal Index. 

Any attempt to interpret the climatic conditions of a former time 
must be based in large part on our knowledge of the general atmos- 
pheric circulation that operates at present. Altliough the existing 
glaciers in the northern hemisphere are of small combined •extent 
compared with their extent during the Wisconsin maximum, present- 
day climates are not radically different from the climates of that 
former time. A little cooling would offset the net wastage that is 
now in progress and would bring about once more the widespread 
growth of glaciers. Hence the use of existing climatic factors as a 
basis for interpreting glacial climates is believed to be appropriate 
and essentially reliable 

Meteorologists searching for improved methods of long-range 
forecasting have found an important clue to the problem of relating 
large-scale weather changes to the general atmospheric circulation. 
The velocity of the westeily winds in the belt between 35° and 
66“ North Latitude has been taken as an index (the zonal index) 
of the general atmospheric circulation in the northern hemisphere. 
A significant correlation exists between the value of the zonal index 
on the one hand and, on the other, displacements of the subtropical 
highs, subpolar (Aleutian and Icelandic) lows, polar highs, and 
storm tracks. 

In a typical high-index circulation pattern the subtropical highs 
and the subpolar lows are weU developed and extend inland over 
the continent toward the east at higher-than-normal latitudes. The 
polar highs may be well developed in the Arctic region, but out- 
breaks of cold polar air come southward only over the eastern parts 
of the continents, where they are blocked by strong, middle-latitude 
westerlies. In contrast, low-index conditions are characterized by 
meridional rather than zonal movements. Subtropical highs and 
subpolar lows are split into several relatively weak cells and are 
displaced southward from their normal latitudes. Polar highs come 
down strongly over the western as well as the eastern parts of the 
continents, and at times of extremely low index they extend even to 
the western coasts themselves. 

Thus the zonal index is a valuable tool in the analysis of long- 
range weather trends. It should have value, also, for the synthesis 
of climates in the geologically recent past. Making use of probable 
major trends in index averages over periods of about 10,000 years, 
we propose to deduce the probable climatic conditions in North 
America during the Wisconsin Glacial Age. 

Climatic Conditions in the Wisconsin Age. 

For the beginning of the Wisconsin (or any other) Glacial Age a 
secular reduction in temperature is assumed. Because cold dry 
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regions lose heat more readily than warm moist lands and water 
bodies, the first result of general cooling would have been an 
increased thermal gradient between high and low latitudes. This 
in turn intensified the atmospheric circulation (that is, set up a 
predominantly high-index circulation pattern) in the middle-latitude 
zone.* Reduced temperatures and cyclonic storms associated with 
high index values brought increased snowfall (and reduced summer 
ablation) to two regions first: the coastal mountains of western 
Canada and Alaska, and the highlands of northeastern North 
America — ^notably of eastern Quebec — ^where the high-index cir- 
culation patterns of today’s winters often result in colder than nor- 
mal temperature conditions. At the same time the strong zonal 
circulation created extremely warm foehn winds on the eastern 
flank of the Rocky Mountains. 

It is improbable that the snowfall that .nourished the first gla- 
ciers in the northeast came from Atlantic easterlies as Antevs 
believes. The easterlies and northeasterlies today do not bring 
much precipitation to eastern Canada and Labrador. Rather they 
serve as a wedge of cold air over which warm air masses, approach- 
ing from southerly and westerly directions, are forced to rise and 
release their moisture. 

The "Alberta Low,” a well-known type of storm originating in 
Alberta at times when warm foehn winds interact with Canadian 
polar air, is a conspicuous product of high-index cyclonic activity in 
the North Pacific region. Its track lies across the Great Plains of 
Canada, passes between the Great Lakes and Hudson Bay, and over 
the region of the lower St. Lawrence. The cyclonic storms that 
follow this path have definite characteristics. They are fast-moving 
systems with no persistent outbreaks of cold air in their rear. 
Their northeast quadrants bring heavy snowfall to eastern Canada 
and Labrador, but the cyclones brmg above-normal temperatures to 
the region south of the track. These facts suggest that long- 
continued high-index activity would have favored the extension of 
an ice sheet in eastern Canada toward the west but not toward the 
south. 

It is not probable that during this phase liigh-index conditions 
were continuous. No doubt the zonal circulation was weak at 
times, just as it is at times during the winter seasons of today. But 
when low-index conditions develop, the “Aleutian” and “Icelandic” 
cyclonic centers tend to split, and outbreaks of cold air characterize 
interior North America. Such conditions are ideally depicted in a 
chart prepared by Rossby (1941, Fig. 16). They favor heavy 

* For a discussion of the correlation between general circulation patterns 
and index values see Willett 1944. 
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snowfall in the southern Canadian Rockies and in eastern Canada, 
but would bring little snow to the Keewatin district. Further, 
these conditions bring with them variable temperatures, which, in 
the region east of the Mississippi, might be either cold or warm. 

By the time a fair-sized ice sheet had developed in eastern 
Canada, with resulting semipermanent high pressure over it, the 
extensive glacier ice in Alaska and northwestern Canada would have 
favored persistent cyclonic activity throughout the year in the Gulf 
of Alaska and over Pacific waters to the south, as Antevs (1945, p, 
12) suggests. At times when the circulation was strong, occasional 
storms were able to cross the Rockies, moving generally southeast- 
ward and bringing snowfall to the western and southern borders 
of the growing ice sheet in eastern North America. On the other 
hand, at times of weaker circulation, storms would frequently have 
stagnated in the Mississippi valley region, between western and 
eastern high-pressure cells, before moving slowly eastward. In the 
northwestern quadrants of these storms, Tropical-Gulf moisture 
would fall as snow, but the eastern sectors would receive wet snow 
followed by heavy rain, and subsequent light snow flurries as the 
storms moved eastward, During this type of circulation tempera- 
tures would be relatively low in western United States. In the 
east they would he higher because of the strong, warm southerlies 
that checked the spreading of the ice sheet in the Great Lakes 
region hut ran on aloft to bring heavy snowfall to Quebec and 
Labrador. 

Continued worldwide cooling and glaciation of increasing con- 
tinental areas would have been increasingly favorable to a weak 
type of circulation pattern. Hence the index, having started out 
with high average values, must have fallen progressively to low 
values. Ill western United States the lowest values would have 
been reached when, as Antevs indicates, the development of glaciers 
in northwestern North America induced increasingly low tempera- 
tures in the southern Canadian Rockies. According to present 
knowledge this behavior of the index is reasonable and expectable 
because extremely cold weather in the far west occurs only with 
very weak circulation patterns. During the gradual change, exten- 
sion of the growing Laurentide Ice Sheet toward the west, where 
temperatures were low, rather than toward the south, where they 
,were higher, would have been favored Eastern United States 
should have been relatively warm Thus the entrance of a lobe of 
ice into the region west of the Great Lakes before the ice reached its 
fullest extent south of Lakes Michigan and Erie is consistent with 
the development here outlined. 

Recent studies of the relationship between zonal indices and 
North American weather anomalies have shown that with a rising 
index, warming begins in the west and then extends slowly east- 
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ward — ^though even with very high index values some outbreaks of 
polar air may occur in eastern sections. 

Because of this present-day relationship it seems probable that a 
general rise in 'temperature, such as that which started the shrink- 
age of the ice lobe responsible for the Iowan drift, would have been 
accompanied by a shift toward a higher-index type of circulation. 
Suhsequent 'warming slliould ihtave ibeert pronounced in western 
North America. In contrast, eastern sections would have received 
frequent outbreaks of cold air moving down from over the ice sheet 
in the rear of “AlbeTta”-type lows skirting the southeastern edge of 
the glacier far south of their present track. This contrast between 
the eastern and western regions appears to provide the conditions 
requisite for the exteusiou of the Tazewell ice to its maximum, 
while the Iowan ice was shrinking. Presumably the Tazewell 
advance was checked when a return to lower index values again 
brought warmth to the eastern region. 

It should be noted that these fluctuations were comparatively 
short. The best calculations from the degree of decomposition of 
each of the drift sheets suggest that the Tazewell ice began to 
shrink about 10,000 years after the Iowan ice had begun to waste 
away, and that the Cary and Mankato maxima followed each other 
at intervals of about 10,000 years. In contrast, probably at least 
40,000 years and perhaps many more were required for the growth 
of the ice sheet to its Iowan maximum. 



Fig. 1. Wisconsin drifts m central and eastern North America. 
{AjifromAmate; compiled from various sources.) 


A map (Fig. 1) showing the distribution of these drifts indicates 
that the border of the ice south of Lakes Michigan and Erie need 
not have stood more than 100 to 200 miles north of its extreme 

Am. JToua. Sci. — Vor. 243, No 11, Novembes, 1945. 
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Tazewell position at the time when the border west of Lake Michi- 
gan stood at its Iowan maximum. Thus the discrepancy m actual 
extent east and west of the Missisfippi River at any one time is 
not necessarily of a large order. What the actual discrepancy 
was IS not determinable from the facts now available. 

Similar fluctuations in index values resulting from secular tem- 
perature fluctuations seem to explain equally well the growth of 
the later Mankato ice lobe west of the Mississippi River. The 
trend of the glacial features in northern North America, so far as 
they are yet known, likewise suggests that the post-Mankato 
shrinkage took place more rapidly in the region between Hudson 
Bay and the Rocky Mountains, than m northeastern North America 
This relationship too is compatible with the gradual rise in index 
and increased zonal circulation that would have been associated 
with worldwide rise in temperature. 

The writers do not pretend to insist that the analysis just out- 
lined is the true explanation of the age relations of the Iowan and 
Tazewell drifts. They are well aware that the fluctuations in the 
areas of greatest snow accumulation on the ice sheet may have 
been the result of many different factors. They hold only that 
the scheme is reasonable and that it answers Antevs’ statement 
that a single ice sheet is improbable. 

The Hypothesis Favored By Antevs. 

The foregomg scheme is deductive — ^in the present state of ouc 
knowledge it can not be otherwise — and so is that of Enquist as 
modified by Antevs. The latter scheme begins the growth of 
glaciers in the mountains of western Canada. Between Latitudes 
55 ° and 60° the glacier ice spreads eastward, in the form of pied- 
mont glaciers, on to the plains. Spreading is induced by the 
drifting of snow by westerly winds and by direct snowfall from 
cyclones that cross the glacier from the direction of the Pacific. 
The passage of tliese cyclones is admitted to require that the area 
be depressed 2000 to 8000 feet below its present height. This is 
accomplished by subsidence under the weight of the growing ice 
sheet. By such eastward spreading “the piedmont glaciers over 
long ages developed into the Eeewatin ice sheet” (Antevs 1946, 

p. 11). 

Objections to Enquist’s scheme have been cited by Flint (p. 
836). Two additional objections should be stressed. The first 
is that subsidence of the crust amounting to 3000 feet, under glacial 
loading, would require a thickness of about 9000 feet of ice Rest- 
ing on a base which in its present ice-free state stands 2000 feet 
(major valleys) to more than 7000 feet (higher summits) above 
sealevel, this ice, even after subsidence, would present to penetra- 
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tion by cyclones a barrier more formidable than the barrier existing 
there today. The second objection is based on analogy with 
present-day air circulation. As already indicated, a strong zonal 
circulation creates unusually warm foehn winds on the east dank 
of the Rocky Mountains. Therefore persistent warm foehns are 
expectable in that region during the early part of a glacial age. 
The resulting high rate of ablation of eastern Rocky Mountains 
glaciers would have tended to inhibit eastward spreading of Cor- 
dilleran ice. This factor alone might have prevented such spread- 
ing entirely. 

Conditions in Northeastern North America. 

In further support of the scheme he favors, Ante vs states that 
although local glaciers may have developed early in the mountains 
of Labr'ador, an initial reduction of temperature could not have led 
to ice-sheet growth in that region as deduced by Flint (1948, pp. 
347-362), “A temperature lowering alone could not produce even 
large piedmont glaciers in that region” he asserts (Antevs 194B, p. 
16). Neglecting the highlands of eastern Quebec, he states that the 
Labrador highlands are too far north of the principal storm tracks 
to receive much precipitation. With Enquist he derives the snow- 
fall for this region from northeasterly winds This could not have 
become important, he thinks, until the Iceland low had been dis- 
placed well to the south. This, in turn, could not have been accom- 
plished until ice sheets had become well established in Green- 
land, northwestern Europe, and northwestern North America, 
Hence the greater age of the Iowan drift compared with that of 
the Tazewell drift. 

In reply, two chief points require emphasis. 

The first point concerns the position of the significant highlands 
with respect to storm tracks. The present writers regard the 
highlands of eastern Quebec as a more important first locus of 
ice accumulation than the mountains of the Labrador coast to the 
northeast. The "principal storm tracks” referred to by Antevs 
represent the average of all index conditions, including high, low 
and intermediate. But, as already indicated, the primary phase of 
glacial accumulation would have been characterized by predomi- 
nantly higb-index conditions. These would have involved a series of 
“Alberta lows” whose path across Quebec lies north of the average 
storm track. Further, eastern Quebec lies in the region over 
which Arctic air thrusts southward persistently even under high- 
index conditions. The combination of high altitude and persistent 
wedges of polar air made the Quebec highlands specially favorable 
for snowfall from high-index storms passing eastward along the 
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St. Lawrence lowland to the south. True, these storms moved 
rapidly, and no one of them could bring the amount of snowfall 
that would result from a slowly moving low-index storm fed by 
tropical air. But these speedy high-index lows were very numer- 
ous. And we must keep in mind that conditions here very early 
favored the persistence of fallen snow (Flint 1943, p. 849). 

The second point concerns the supposed nourishment of glaciers 
in Quebec and Labrador by northeasterly winds. Easterlies and 
northeasterlies are not responsible for a large proportion of the 
precipitation received by that region today. The eastern slopes 
receive a relatively small amount of orographic snowfall from 
Polar- Atlantic air, but most of the snow falls on both eastern and 
western slopes from overrunning warm moist air having southerly 
rather than easterly components aloft. Here the easterlies act as 
a cold wedge rather than as a major source of precipitation. 

Geologists have not realized fully the implications for the 
development of former glaciers, of a relationship noiw widely 
recognized by meteorologists. This is that in eastern North Amer- 
ica laek of precipitation is a result, not of lack of moisture in 
the atmosphere, but of lack of the conditions necessary for precipi- 
tating it. It is therefore unnecessary to postulate, for this region, 
that precipitated moisture was brought from the nearest large 
water body, when observation of present-day conditions shows that 
it is brought from elsewhere. 

Apparently the southward displacement of the Icelandic low 
invoked by Antevs has little bearing on the development of glaciers 
in Quebec and Labrador. Such a displacement corresponds essen- 
tially to the southwest cell of the present-day “split Icelandic low,” 
which develops with low-index conditions (Willett 1944, p. 148). 
According to the synthesis put forward in the present paper, high- 
index conditions, rather than low-, should have dominated daring 
the inception of glaciation. Later, during low-index conditions, 
the southwest cell of the “split Icelandic low” was an important 
factor in the production of heavy snowfall over Quebec and Labra- 
dor. However, as indicated -earlier, such conditions developed 
before rather than during the Tazewell maximum. 

It shouljd he emphasized that the normal pattern of temperature 
and precipitation across Canada from the Plains to Labrador 
1941, pp. @66-668) implies that a general reduction of toni’- 
pmjature would favor the formation of ice in the Quebec region 
rather than in the Keewatin region. , 

Antevs makes two statements (Antevs 1945, p. 8) that dem a nd , 
for record, special comment: 

1. “The iee growth leading to the Iowan maximum took place, 
as far as known, only in northwestern North America [italics ours] , 
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west of the 96th meridian and the upper Mississippi River.” The 
words we have italicized create tiie impression that the Iowan iee 
lobe originated far to the north and west. Actually the geologic 
evidenoe provided by the Iowan drift proves nothing more than 
that the ice that deposited it came from north of the area covered 
by that drift, and that it crossed Precambrian rocks en route. 
(C/. Flint 194)8, p. 886), 

2. “At any rate there was no comparable ice accumulation in 
the northeast.” On the contrary the geologic evidence tells us 
only that Iowan drift has not been recognized east of the Missis- 
sippi River. It may be present beneath younger drift anywhere 
within that region. We simply do not know the position of the 
ice-sheet margin in eastern North America, at the time of the Iowan 
maximum. 

In addition Antevs (194<5, p. 8) groups the Tazewell and Cary 
drifts into a single “maximum,” although the writers know of no 
geologic evidence that justifies such a grouping, and although this 
grouping is inconsistent with Antevs' strong emphasis on the time 
difference between the Iowan and Tazewell maxima. But the geo- 
logic evidence does indicate that the Cary maximum was separated 
from the Tazewell maximum by about the same amount of time as 
that which separated the Tazewell from the Iowan (Thombury 
194)0). These data support the writers’ general position that an 
adequate scheme of ice-sheet growth must be flexible because it has 
to embrace many variable factors. Enquist’s schame possesses a 
greater rigidity in respect to the dates of the Wisconsin drift sheets 
than does the concept of a single ice sheet affected by fluctuating 
climatic conditions along its southern margin. 

Conclusion, 

In conclusion, if the region glaciated during the Wisconsin Age 
is viewed in its entirety we are compelled to acknowledge the fact 
that we have geologic information on only a small proportion of 
it. As the geology of the western and nothern areas becomes better 
known, particularly as regards the sources of the various drifts in 
those sectors, syntheses can be built on much firmer ground than 
is yet beneath us. Even in well-studied eastern United States, 
subdivision of the Wisconsin drift has not yet been accomplished 
because of the absence of carbonate content which has proved suc- 
cessful as a basis for subdivision in the central region. In view 
of this general ignorance the writers would hesitate to base any 
far-reaching scheme on the presence or absence of any given drift 
in the East. They would not Iwush aside, with Antevs (194)5, pp. 
4)-5), Bryan's suggestion that Iowan drift may be present on Jliong 
Island. 
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Yet even in our present unsatisfactory state of knowledge deduc- 
tive schemes aimed at general synthesis have distinct value so long 
as their true relationship to the facts is not lost sight of. 

In the present case Antevs^ basing his argument mainly on differ- 
ence in age of the drift sheets of two glacial lobes, adheres to a 
scheme created by Enquist largely to explain a “Keewatin center” 
then believed to be a fixed and long-enduring feature. On the 
other hand the present writers contend that this age difference 
is more simply explained by differences in the positions of areas 
of maximum ice accumulation and radial outflow at different times 
in a single ice sheet. Thej^ suggest a climatic mechanism that is 
consistent with present meteorological knowledge. Their interpre- 
tation is based on the recent work of Eossby and Willett, who have 
evolved successful methods of long-range weather analysis and 
forecasting from studies of the zonal circulation. The writers 
believe than an objective appraisal of the two opposing concepts, 
in the light of the recent discussion by Aiitevs and of the present 
paper, does not justify a change in the statement earlier made by 
FEnt (1948, p. 369) regarding the suggested growth of a single 
Laurentide ice sheet: “The available facts do not prove that the 
ice sheet originated and developed in this way, but the data 
assembled are believed to show that this mode of origin and growth 
IS both topographically and climatologically probable; . . . and 
that the hypothesis explains more satisfactorily the facts we possess 
than does any other thus far proposed.” 
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SCIENTIFIC INTELLIGENCE 

Chemistry. 

The Characterization of Organic Compounds i by Samuel M. 
McElvain. Pp. ix, 282; 16 figs. New York, 1946 (The Macmillan 
Co., $8,40). — This new laboratory text is designed for the use of 
senior undergraduate or beginning graduate students in a course in 
the identification of organic compounds. The scheme of analysis 
used is much like that introduced by Kamm, based in part on solu- 
bilities and in part on “class reactions.” The first half of the book 
is an excellent and fairly comprehensive discussion of laboratory 
manipulations and the theoretical background necessary for effective 
work in this field. These chapters assume a good knowledge of 
organic chemistry on the part of the student. A number of practice 
questions and exercises accompany each chapter. The generous 
use of modern concepts of valence and acid strength as aids in pre- 
dicting solubilities is especially to be commended. 

The latter half of the manual is taken up by laboratory directions 
for performing the “class reactions,” solubility tests, and prepara- 
tion of derivatives. Rather comprehensive tables of common organic 
compounds include the properties of suitable derivatives in each 
class. These tables are extensive enough to eliminate largely the 
use of other reference books by Ihe student. 

The author has contributed an excellent, carefully written text 
for a specific purpose ; it will be welcomed in those schools that teach 
identification of organic compounds as a second-year course. 

JAMES EKOLISH, JR. 

Miscellaneous Scientific Intelligence. 

Mainsprings of Civilization; by Ellsworth Huntington. Pp. 
xxi, 660; 83 figs., 26 tables. New York (John Wiley and Sons, 
$4.76). — ^Huntington considers human history as the resultant of 
four basic forces or conditions : first, a “great unknown force which 
impels all kinds of evolution” , second, biological inheritance ; third, 
physical environment; and fourth, cultural endowment. In the his- 
torical sequence these are simultaneous and inseparable. “AU are 
essential, and all play a part in every phase of activity.” Yet their 
several contributions and limitations can be analyzed for study, 
and should be analyzed if the human story is to be tmderstood. The 
first factor is, at present, inexplicable. Its existence is (Hunting- 
ton believes) demonstrated by what is known of evolution but it 
can neither be understood nor explained in a scientific sense. Its 
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discussion belongs to phUosophy (or metaphysics) and the author 
does not now propose to enter this dark and stormy field. The last; 
culturalj factor provides most of the subject matter of orthodox 
history and has been considered in sufficient detail, but perhaps in 
too great isolation, by a multitude of students. Huntington plans 
an eventual synthesis that will include the cultural as well as the 
biological and physical factors in historical trends. His present 
study is concentrated on the relatively (but only relatively) neg- 
lected influences of inheritance and environment. 

About one-third of this hook is devoted to the topic labeled 
“Heredity,” an inadequate label because the subject is the influence 
of biologicial evolution on mankind and its history. Emphasis is on 
natural selection and the point of view is completely neo-Darwinian. 
In recent years this point of view, which seemed headed for 
oblivion a generation or so ago, has become not only respectable but 
also almost inevitable. Nevertheless Huntington's treatment, like 
that of certain of the anthropologists on whose work he relies heavily, 
suffers somewhat from inadequate, or at least inexplicit, recogni- 
tion of the essential neo-Darwinism of the argument and from ignor- 
ing the recent biological studies (by Haldane, Huxley, Wright, 
Dobzhansky, and many others) that have given this position its 
strength and validity. 

Huntington’s thesis here, as nearly as the reviewer can summar- 
ise two hundred pages in one sentence, is that there are hereditary 
differences between men not only in morphology but also in mental 
ability, activity, and character, that some historical events (most 
clearly those involving migratioii) have been selective as regards 
these differences, that group as opposed to individual differences 
have thus arisen, that these group differences have been perpetuated 
by heredity and the breeding structure of the population, and that 
they have had a decided influence on the history of the groups con- 
cerned and on their neighbors. Some items of the evidence are 
weak and oU together, as Huntington recognizes, do not constitute 
deceive proof. In the nature of things, such proof will always he 
very difficult if not impossible, hut this reviewer finds that Hunt- 
ington and his cited authorities have made out a good -case for this 
theory. ' 

Tins oondusion is highly controversial and its recent involvement 
in racist ideologies has made it obnoxious to many humanly admir- 
able but perhaps too humanly emotional students oif anthropology 
and, to less extent, -of 'biology. Properly abhoring the fascist 
philosiophy, these students have felt impelled to deny the theory 
of group differences in innate ability, a theory that seemed to them 
to support this philosophy. They have taken the possibility that 
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siieh differences might be cultural as proof that they are not heredi- 
tary, a conclusion that comes from the heart as much as from the 
head. As nearly as can be judged in the present very imperfect 
state of knowledge, a more valid and dispassionate judgment seems 
to be that some such differences may be mainly cultural and some 
mainly hereditary but that moat are probably the outcome of differ- 
ences in both culture aud heredity and of the interaction of these 
factors. Himtington’s treatmeist of this subject, bitterly as it may 
be attacked by the currently powerful culturist school among anthro- 
pologists, should be a useful corrective for their too extreme reaction 
against the racists and should facilitate a return to a more objec- 
tive middle-of-the-road position. 

Huntington draws particular attention to the concept for which 
he proposes the new term “kith." A kith is defined as “a group of 
people relatively homogeneous in language and culture, and freely 
intermarrying with one another.” The concept is neither as new 
nor OS controversial as Huntington seems to think. His “kith” is 
merely the habitually mterhreeding population of neo-Darwinian 
geneticists and systematists, applied to a particular species, Homo 
sapiens f in which the delimitation of such populations includes some 
social factors absent or leas prominent in other species. The specifi- 
cation of language and culture in the definition is a weakness, drag- 
ging in two of the many factors that lead to interbreeding and use- 
lessly obscuring the primary characteristic of the unit, which is 
that it does interbreed. It would be equally correct, hut of equally 
secondary import, to add that a kith is also usually relatively 
homogeneous in morphology and thus more plainly to rdate the 
concept to the field of racial theory, which Huntington, influenced 
perhaps in spite of himself by the culturalists, is seeking to avoid. 
I]he value of the concept in anthopology, as in biological systematics, 
is that it substitutes for a more morphological criterion the genetic 
orlteriQH that is & basic determinant of the morphological and of 
some other characteristics involved. A “kith” is simply a geneti- 
o«dly defined race or micro-race, but tlie new term may be useful in 
avoiding the emotional implications that have become entangled 
with the word “race,” 

The remaixnng and longest section of the hook, “Physical 
Environment and Human Activity,” also contains much new matter 
but it may be viewed primarily as a summary of the main body of 
Huntington’s abundant researches throughout the last 45 years or a 
convenient repackaging of the gist of his many previous books, from 
“The Pulse of Asia” ( 1907 ) to "Principles of Economic Geog- 
raphy” ( 1940 ), Huntington's main thesis is well-known: climate 
affects the quantity and quality of human activity; the distribution 
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of climates and the secular and cyclic changes in climate have been 
factors in the distributions and movements involved in cultural his- 
tory, This thesis has had a profound and stimulating effect on geo- 
graphical and historical research. It has been so extensively dis- 
cussed that a critic can have little new to say of it at this date. 
Many details have required modification and some remain highly 
debatable in the present reconsideration and summary^, but the 
theory in its broad outlines has stood up well and is now rather 
widely accepted, even though subject to certain reservations. 

One criticism, or misunderstanding, should be laid to rest by this 
book: that Huntington and his sebool have tended greatly to over- 
emphasize the role of climate in history or to attempt a primarily 
climatic interp'retation of history. Detailed discussion of one his- 
torical factor naturally concentrates on this factor and must often 
seem myopic to the student whose concentration falls elsewhere. 
This can justly be called overenaphasis only if the importance of 
other factors is denied or unduly depreciated, and this is a fault of 
which Huntington is not guilty. This book emphasizes the biologi- 
cal element in history as strongly as the environmental. The cul- 
tural element is not included among the topics for treatment, hut 
its always great and often dominant influence is recognized through- 
out. 

In matters of detail, there are still many points on which very 
broad inferences rest on quite restricted evidence and even some 
that deserve to be called pure speculation, as the author freely 
admits. This reviewer feels that the sizable (22 pages) section on 
religion and physical environment is as much a subjective fitting 
of scanty data into the framework of a preconceived theory as a 
seriously scientific and objective treatment of this exceptionally 
difficult subject. Other readers are likely to have similar qualms 
regarding other topics. This does not seriously detract from the 
value of the book as a whole. So encyclopedic a discussion has 
great total weight and impact but cannot be expected to have equal 
strength throughout. Even the apparently wildest associations of 
data have at least the merit of suggesting new approaches to the 
subject and the possibility of leading to unexpected discoveries, 
whether or not all the present tentative interpretations stand up in 
the future. 

In addition to the concept of kith, discussed above, Huntington 
draws attention to his chapters on cycles, and. particularly to his 
ozone and atmospheric electricity hypotheses as especially likely to 
excite controversy. The attentive reader will probably not disap- 
point him in ibis respect, or perhaps the reaction will be one of 
dissatisfaction more than of controversy. If it is true that cycles of 
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ozone in the atmosphere are correlated with the reproduction of 
animals and with human mental activity or that rhytibms in atmos- 
pheric electricity are related to business and price cycles, this is a 
discovery of almost incalculable importance. Yet the evidence that 
such correlations are real does not seem adequate and their inter- 
pretation is speculative, without a fully acceptable and. demon- 
strated basis. On some points, at least, strong additional evidence 
could quite readily be obtained, for instance by further experiments 
on ihe physiological effects of ozone and of atmospheric electricity. 
Presentation of such an extremely important hypothesis without 
the addition of crucial evidence on it certainly has value and interest, 
but a feeling of dissatisfaction seems justified, even though the 
present treatment is only a somewhat popularized summary and 
some specialized details are to he found elsewhere. 

The wibole subject of cycles has peculiar and increasing interest. 
One of the many valuable features of the book under review is that 
its chapters on cycles, especially Chapters 24i-26, are a non-techni- 
cal treatment, which, regardless of the validity of any particularly 
hypothesis expressed, provides the general reader with a good intro- 
duction to this subject. (The three chapters cited were prepared 
with the cooperation oif E. E. Dewey, Director of the Foundation 
for the Study of Cycles.) 

With its 612 dosely-printed text pages, this is a big book and 
some passages require alert attention to be fully compr^ended, but 
the intelligent reader is likely to follow it with keen pleasure or 
real fascination. It is fuE of ideas and of glimpses givii^ insight 
into problems that concern all of us. To say that the reader will 
occasionally want to talk hack to the author is only to emphasize 
again how stimulating and engrossing the book is. 

The text is followed by a large bibliography and a good index. 
There are a number of small typographic errors, but of those 
noticed the only one that is confusing is in the second line from 
the bottom of page 47, where “endomorphic” is apparently a mis- 
print for "ectomorphic.” georob gatlord simpson. 

Scientific Societies in the United States', by Ealph G. Bates. 
PP. vii, 246; a publication of the Technology Press, Massachusetts 
Institute of Technology, New York and London, 1946 (John WEey 
& Sons, $8.60). — Writing a history of scientific societies requires 
giving as a background something on the history of science. The 
author has found the solution of inserting in each of the four prin- 
cipal chapters brief reviews on scientidc progress during the period 
covered by each chapter. These reviews are admirable and serve 
their purpose despite their extreme brevity. Perhaps more difficult 
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for the author was to decide where to draw the line separating 
scientific societies from those of a commercial and industrial char- 
aeter. A fairly large numiber that would unquestionably belong to 
these groups have been included on account of the importance of 
their contributions to the advancement of science. 

The development of some of the leading societies has been traced 
in detailj especially of the American Philosophical Society, the 
Smithsonian Institution, the National Academy of Sciences, and the 
American Association for the Advancement of Science. 

It was unavoidable that some pages should be filled with long 
sequences of names of numerous societies. On the whole, however, 
the book is well balanced and should provide interesting reading 
to most scientists. Its usefulness as a reference work is enhanced 
by the extensive Bibliography and Index. With these aids the book 
provides a wealth of information much of which would otherwise he 
difiScult to locate in the scientific literature. dirk brouwer. 
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EMPLACEMENT OF THE UNCLE SAM 
PORPHYRY, TOMBSTONE DISTRICT, 
ARIZONA." 

JAMES GILLULY. 

ABSTRACT. The Uncle Sam porphyry is a quartz-poor latite porphyry 
whose exposed area is about 20 square miles. Its age is uncertain wi^in 
wide limits, but is probably early Tertiary. It bears intrusive relations 
to rocks of the Final schist, Naco hmestone, Bisbee formation, and Bronco 
volcanics (which rest unconformahly upon the Bisbee formation), and may 
thus be eifter of Late Cretaceous or early Tertiary age. It is unconform- 
ably overlain by the Gila conglomerate of late Pliocene age. Contact 
exposures and mine workings mdicate that the porphyry is floored near 
its northeastern border at a relatively shallow depth; its eastern contacts 
mdicate only essentially vertical extension, but the relations are obscured 
by later faults and by dikes and sills of the porphyry. Most of the other 
original contacts are concealed, but at the west there are suggestions o-f 
a sill form. Observations of internal structures and contacts are consistent 
with the hypothesis that the mtrusive is roughly laccolithic in form and has 
extended laterally along either a thrust or erosional surface. Petrograph- 
ically, the rock is distinguished by an unusually fine-grained groimdmass — 
almost vitrophyric over large areas — for so large an intrusive. It is also 
remarkable for the abundance and wide distribution of inclusions, whidi 
are estimated to constitute three to five per cent of the entire body. Local 
intrusive breccias — some of large volume — contain mudi higher propor- 
tions of inclusions. It is suggested that the fine-gram 'of the intrusive 
may be in part due to the dulling effect of these inclusions. Further, it 
IS probable that these are neither stoped blocks nor products of channel 
abrasion, but are largely fragments of a tectonic breccia formed during the 
thrust faulting and already available to be picked up by the porphyry 
magma as it advanced along the surface of a thrust fault. The mildness 
of the contact effects of the intrusive is attributed to its poverty m 
volatiles. 

INTHODUCTION. 

T he Tomlbstone miniiig district is in central Cochise 
County, in the southeastern part of the State. Text Fig. 1. 
It has heen studied hy Church (1903), Ransome (1920), and 
Butler ; Wilson, and Rasor (1938) . My work, upon which this 
discussion is based, was done during the wiiiter ©■f 1936-1937 

^Published by permission of the Director, Geological Survey, U. S. 
Department of the Interior. 

* Am. Joub. Sci. — V oL 24*3, No. 12, December, 1945. 
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and the spring of 1938. The assistance of Edgar Bowles and 
Ralph S. Cannon, Jr. is gratefully acknowledged, and the work 
was further facilitated fey a copy of a detailed geologic map 
of part of the area prepared hy F, L. Ransome. Inasmuch 
as the mines were being studied by Professor Butler and Doctor 
Wilson at the time of my field work, and it soon became evident 
upon field check that only very minor changes from Ransome’s 
excellent map could be justified, most of the estimated two 



Fig. 1. Index map of Ariaona, showing location of Tombstone mining 
district. 

months’ field work devoted to the present problem were spent 
in mapping areas to the south and west of that covered by 
Ransome, and to making supplementary structural observations 
within the area of his map. Of the accompanying map, Text 
Fig. 2, the part within T. 20 S., R. 22 E. is essentially Ran- 
some’s the remainder is a product of my own field work and 
that of my assistants. 
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GENBKAI. GEOLOGT. 

The principal geological formations in the Tombstone dis- 
trict are the following : 


F(»M;AaxoKa of the Toubstoxe District. 


Age 

Formation 

Thidmess, feet 

Quaternary 

Alluvium 

nil to a few score 

xmconformity 


Pliocene 

Gila conglomerate 

several himdred 


unconformity 


Probably 1 

f Schieffelin granodiorite 


early L 

J Andesite porphyry dikes 


Tertiary J 

[ Uncle Sam porphyry 



unconformity; possible overthrust faults 


Cretaceous I 
or early L 

Tertiary J 

Bronco volcanics® 

6000-6000 


unconformity; possible thrust faults 


Lower Cretaceous Bisbee formation 

8000+ 


unoonforioity 


Pennsylvanian 

Naco lim^tone 

4000 

Mississippian 

Escabrosa limestone 

800 

Devonian 

Martm limestone 

Q20 


xmconformity 


Cambrian 

' 1 Abrigo limestone 

3 Bolsa quartzite 

800 

400 


unconformity 


Pre-Cambrian 

Pinal schist 

very great 


For the purpose of the present paper, the rocks older than 
the Bisbee formation are sufficiently described by their formal 
stratigraphic names. The Bisbee formation is represented in 
the Tombstone area by a series of gray, brown, and red-brown 
sandstones interfingering with shale and a minor amount of 
limestone. Locally there is a coarse conglomerate at the base, 
containing rounded cobbles and pebbles representative of all 
the Paleozoic rocks, together with schist and several varieties 
of granitic rock of unknown provenance. There is an import- 
ant unconformity, both angular and erosional, beneath the 
Bisbee group in the Bisbee mining district (Ransome, 1904), 

®The foimation here called the Bronco volcanics has not hitherto been 
given a formal stratigraphic name. It is named from Bronco Hill, in whose 
neighborhood it is well exposed, and consists dominantly of andesite flow 
breccias and hows in tbe lower part and of quartz latite flows and tuffs 
in the upper There is interfingermg of the two varieties of rock; the 
andesitic rocks constitute about two-thirds of the formation. A more com- 
plete description is to appear m a Geological Survey paper in preparation. 
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about 20 miles to the southeast. Though the structural dis- 
cordance between Lower Cretaceous and older rocks is not so 
dramatic at Tombstone as at Bishee, there can be no doubt 
that a strong distur'bance also occurred here within the same 
interval, and the conglomerate pebbles record it. 

Studies of the country to the northeast, east, and southeast 
of Tombstone show that there are two systems of thrust faults 
of post-Bisbee age: one trending northwest, wilth overriding to 
the northeast (Ransome, 1904, 1913; Wilson, 1927; Gilluly, 
1941), and the other trending east, with overriding to the 
south. There is some suggestion that the east-trending faults 
are older than the northwest-trending, but this is dubious and 
whether any important time interval separates the two groups 
is still questionable. 

It seems clear that the Bronco volcanics are younger than 
the east-trending thrust faults. It is true that the volcanics 
are nowhere in contact with faults of this system, but in the 
area about two miles east of Bronco Hill they rest upon an 
erosion surface carved across strongly disturbed Bisbee beds. 
These beds immediately to the south are isoclinally folded along 
east-trending axes and therefore presumably record the com- 
pression elsewihere expressed by the thrust faults of this trend. 

The relation of the Bronco volcanics to the northwest-trend- 
ing thrust faults is not eo clear. Only one thrust fault of this 
trend has been found in the Tombstone area. This fault is 
exposed for about 2000 feet along the northern spur of The 
Three Brothers Hill, west of Tombstone, trends about N. 
45° W., and brings Naco limestone over strongly distur'bed 
Bisbee beds. The fault dips southwestward at an angle of 20 
to 30 degrees. It is cut off in both directions by the intrusive 
contact of the Uncle Sam porphyry, which is clearly younger 
than the fault, but there is no evidence as to the age of the 
fault with respect to the Bronco volcanics. This inconclusive 
evidence is disappointing as it leaves the question open as to 
the structural relations of the Bronco volcanics at the time of 
the intrusion of the Uncle Sam porphyry ; i.e., it is unknown 
whether or not the Bronco volcanics are involved in the thrust 
faulting of the region. The absence of notable internal defor- 
mation of the Bronco cannot be given much weight as evidence 
of a post-thrust age, for study of other volcanic formations in 
the Dragoon thrust area shows little sign of deformation in 
them except immediately along the faults. Accordingly there 
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are two possibilities as to the local structural conditions pre- 
vaiEng at the time of the intrusion of the Uncle Sam porphyry : 
if the Bronco is younger than all the thrusts, it rested as a 
struc'tural unit on an erosion surface carved across the faulted 
older rocks and the considerable breccia bodies associated with 
that thrusting ; if the Bronco is younger than the east-trending 
faults and involved in the northwest-trending, it is probable 
that breccias of at least the younger fault episode were present 
at the time of the emplacement of the Uncle Sam porphyry. 
It is clear that the Uncle Sam porphyry is younger than all 
the strong local deformation except the late normal faults. 

UNCI/E SAM POEPHYEY. 

Name. — The Uncle Sam porphyry was named by Butler, 
Wilson, and Rasor (1938), from its outcrops on Uncle Sam 
Hill, about two and one-half miles southwest of Tombstone. 
They recognized the rock as a quartz latite porphyry and as 
intrusive. Ransome had called the rock “rhyolite porphyry” 
but also recognized it as intrusive (Jones and Ransome, 1920). 
Church referred to the rock as a rhyolite flow (Church, 1903). 
The rock is clearly intrusive at several contacts and has the 
composition of a quartz latite, so that the name and interpre- 
tation adopted by Butler, Wilson, and Rasor is here followed. 

Distribution . — ^There are four main areas of exposure of the 
Uncle Sam porphyry. The largest, in the Tombstone Hills, 
is probably continuous, beneath the alluvium, with the area 
northwest of Charleston, and possibly both these areas repre- 
sent portions of a single mass whose most westerly outcrops are 
those west of the San Pedro River, southwest of Fairbank. 
The fourth considerable body is that northeast of Bronco Hill ; 
the limits of this mass are completely exposed and any con- 
nections it may have had with the larger body to the north 
must be at depth or have been eroded. Small dikes and sills 
of the porphyry are found east of the main mass in the Tomb- 
stone Hills and as inliers in the alluvium northwest and west 
of Fairbank.. Some of these bodies near Fairbank are also 
definite sills and dikes. 

Contact relations. — ^The Uncle Sam porp'hyry is intrusive 
into the Bronco volcanics, the Bisbee formation, and locally 
into the Naco limestone at the exposed surface. At Bronco 
Hill and a point about one and one-half miles to the southeast, 
it is cut by the Sclneffelin granodionte, but elsewhere its only 



648 Ja>mes GiUvly — Emplacement of the JJncle Sam 

cantacts ;dth younger rocks are with the valley fill of the 
San Pedro trough, which rests unconformably upon the eroded 
surface of the porphyry. 

Ilhe contact relations of 'the porphyry are highly variable. 
At the north spur of The Three Brothers hill, west of Tomb- 
stone, the contact dips steeply to the southwest, under the 
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Pig. 2. Map showing distribution of the Unde Sam porphyry and 
related rocks. Area near Tombstone largely after a manuscxipt map of 
P. L. Ransome. The scale of this map does not permit showing all the 
places mentioned in the text. They are, however, shown on the Benson 
Quadrangle of tiie U. S. Geological Survey’s Topographic Atlas, 


porphyry. Here the porphyry is in contact with the Naco 
laniestone, which rests on a thrust fault that cuts the underlying 
fonnation and dips southwestward, toward the porphyry, 
togles between 20° and 30°. Just to the southeast the 
Bii&fee formation of the footwall of the fault forms the country 
rock of the porphyry. From a point near the northwest corner 
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of sec. 9, T. 20 S., R. 22 E., to the valley of the stream that 
passes just southeast of the center of the same section, the 
country rock of the intrusive is a breccia mass that consists 
of blocks of Naco limestone and conglomerate, sandstone, and 
mudstone of the Bisbee formation. None of these blocks of 
sedimentary rock can be followed along the strike for more 
than a few hundred feet ; they are all thoroughly shattered and 
brecciated internally. Generally the Paleozoic fragments are 
more abundant near the porphyry contact and those of the 
Bisbee formation preponderate farther northeast. The breccia 
is generally sheared and many of the stronger shears dip west- 
ward at about 35°, roughly parallel to the contact with the 
porphyry which overlies it. Tbe porphyry to the southwest 
shows no comparable brecciation. These relations strongly 
suggest that the porphyry occupies a thrust plane in this part 
of its outcrop, at least. 

North of Uncle Sam Hill there is a deep salient in which the 
Bisbee formation floors the valley in such a way as to suggest 
tiliat it underhes the porphyry at a comparatively shallow 
depth, as, indeed, has been shown by the workings of the State 
of Maine Mine, which penetrate a considerable body of shale 
on the bottom (600 foot-) level of the -workings (Butler, Wilson 
and Rasor) , at an elevation of about 4300 feet. This section 
of the intrusive is therefore probably floored at a comparatively 
shallow depth, but farther southeast, near the Toirtbstone- 
Charleston road, the exposed contact becomes nearly vertical 
and transects the bedding of the country rock at a high angle. 
Part of this contact is a. post-intrusive fault of high angle. 
Throughout the area between the Charleston road and the 
ridge that extends north from Ajax Hill, the porphyry forms 
highly irregular masses that cut the Bisbee formation without 
regard to* its bedding. An interesting feature of this area is 
the mass of Uncle Sam porphyry that occupies the major 
fault -which farther north separates the Bisbee formation on 
the west from the Bolsa quartzite on the east. This fault 
was undoubtedly formed at the time of the major deformation 
of the Tombstone district. It had a minimum displacement of 
5000 feet and must extend to a very considerable depth. The 
porphyry that follows this fault is frozen to both walls and 
has remained entirely undeformed since its emplacement, show- 
ing that the intrusion occurred after the major orogeny. 

In sec. 25, T. 20 S., R. 21 E., the contact of the main mass 
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oi porphyry and the quartz latite of the Bronco volcanics is 
steep and transects the volcanics at a high angle, hut on the 
hill that reaches an altitude of 4540 feet in sec. 36, T. 20 S., 
R. 21 E., the Uncle Sam porphyry seems to have a laccolithic 
form and the andesitic memher of the Bronco volcanics is 
upturned in a nearly complete ring around it. The same rela- 
tions prevail in the mass just north of Charleston, though the 
andesite is not exposed at the surface. Here the quartz latite 
member of the Bronco volcanics dips away from the porphyry 
mass on all sides, again suggesting a laccolithic dome. 

West of the San Pedro River few contacts of the porphyry, 
except those contacts with the late Tertiary and Quaternary 
sedimentary rocks of the valley-fill, are exposed. However, at 
the south end of the hills southeast of Brookline, the porphyry 
is in contact with the andesites of the Bronco voilcanics. Here 
the andesite seems to form a conformable sheet between two 
masses of the Uncle Sam porphyry, or, stated in another way, 
the porphyry seems to form two sills separated by a thin sep- 
tum of andesite. Both the bottom of the upper sill and the 
top of the lower appear to be conformable with the bedding of 
the andesite and the internal structures of the porphyry seem 
also to have the same attitude. (See section on inclusions.) 
The narrow band of Bronco volcanics along the east side of the 
porphyry mass in SE sec. 30, T. 20 8., R. 21 E., may 
represent the footwall of the lower sill, but the actual contact is 
concealed. The mass of andesite in the northwest % sec. 20, 
T, 20 S., R. 21 E., appears to be an inclusion in the Uncle Sam 
porphyry, though it is possibly a part of the I’oof of the sill, 
if this form is maintained so far northward. 

The Uncle Sam porphyry that abuts the andesite of the 
Bronco volcanics along the Babocomari River two miles north- 
east of Brookline seems to rest in general conformity upon the 
volcanic rock. However, it can hardly be interpreted as the 
base of a sill because the porphyry crosscuts the bedding of the 
andesite breccia along the south side of the andesite mass and 
furthermore the eastern ■conta'Ct dips eastward at about 35° (at 
a high angle to the bedding), with the porphyry overlying the 
andesite. This contact has been followed rather closely by a 
fault, but the fault displacement cannot have been great as 
there are many narrow dikes of porphyry in the andesite and 
many large boulders of andesite held as inclusions by the por- 
phyry close to the contact. The small mass of andesite breccia 
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Andesite inclusions in Uncle Sam porphyry west of Fairbank. 
The specimen is about 8 inches across 
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of the Bronco that crops out half a mile farther east along 
the Bahocomari is definitely an inclusion, for the contacts are 
all steep and irregular and the andesite is cut *by many dikes 
of the porphyry. 

The Uncle Sam porphyry that crops out west of the San 
Pedro River northwest of Fairbank apparently forms two 
intrusive sheets that conform only in the most general way with 
the structure of the associated Bronco volcanics. The rela- 
tions are obscured here, but there are innumerable narrow sills 
of the porphyry along the bedding of the tuffs of the Bronco 
volcanics and considerable bodies of intrusive breccia, in which 
the fragments of tuff are strung out and bent by the viscous 
flow of the injected porphyry. 

In the hills about two miles north of Boquillas, north of the 
area shown in Text Fig. 2, the Uncle Sam porphyry forms 
roughly sill-like masses that conform in general structure to the 
major folds of the associated Naco limestone, though they 
transect the second-order folds. 

Intrusive breccia. — There are two areas of intrusive breccia 
associated with the Uncle Sam porphyry near the Babocomari 
River, one m sec. 8, T. 20 S., R. 21 E., and the other in sec. I?, 
a little more than a mile to the south. At the northern locality 
an intrusive breccia occupies about 100 acres, and is exposed 
in a topographic amphitheatre, drained by an east-flowing 
stream. The breccia is fairly well exposed in the stream bed 
and the walls above it. It consists of a jumible of rocks that 
range from more than 100 feet in diameter down to microscopic 
sizes. These rocks have the forms of blocks, boulders, and 
cobbles and are held in a matrix of Uncle Sam porphyry. 
Among the rocks included in the breccia can be recognized 
representatives of the andesite of the Bronco volcanics, both 
flows and breccias; of the sandstone, mudstone, and conglom- 
erate of the Bisbee formation; and two members of the Naco 
limestone. These rocks are arranged in the most heterogeneous 
manner imaginable; hmestone against andesite breccia, sand- 
stone against conglomerate, dolomite against mudstone, in an 
apparently random accumulation. The blocks lie at random 
attitudes, the bedding in some is vertical, in others, that per- 
haps abut these, it is horizontal or at any angle between. 
They are separated from each other by dikes and sills of Uncle 
Sam porphyry that range in Ihickness from a fraction of an 
inch up to several feet. All these dikes and sills show very 
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strong flow structures and are packed with even more inclusions 
than are normally contained in the porphyry. There seems to , 
be a slight tendency for the more continuous sheets of the 
porphyry to lie at low angles and tO' dip away from the center 
of the mass in all directions. The normal porphyry overlying 
the breccia is almost surely domed over the breccia outcrop, as 
the rather definite boundary of the breccia dips away from the 
center of the exposure at angles of 10° to 20°. On this inter- 
pretation of the structure, a thickness of about 100 feet of the 
intrusive breccia is exposed here, with no bottom visible. A 
dike of andesite porphyry cuts across breccia and porphyry 
and is clearly much younger than both. It is probably not 
genetically related to these rocks. 

Toward the east of this northern breccia rqiass is an unbroken 
block of andesite of the Bronco volcanics. It is likewise capped 
by a low dome (at least in north-south section) of Uncle Sam 
porphyry. At its eastern edge there is apparently a vertical 
mass of Uncle Sam porphyry about 100 feet wide thalt sepa- 
rates this unbroken body of andesite from a smaller mass of 
breccia like that to the west. The flow-banding in the por- 
phyry overlying the andesite along the creek southeast of the 
breccia area dips about 50° S., but this steep dip is apparently 
local and may be due to faulting. Measured normal to these 
flow structures at least 300 feet of porphyry is exposed above 
the breccia. 

The mass of intrusion breccia exposed to the south, in sec. 
20, crops out in a subcircular area of about 70 acres. Here 
a breccia of sandstone, shale, and mudstone, probably derived 
from the Bisbee formation, is intimately cut by innumerable 
dikes and stringers of Uncle Sam porphyry that trend in all 
directions without apparent system. The porphyry stringers 
and dikes range from a few inches up to 50 feet in width. They 
show strong flow structures and arc packed with inclusions of 
sandstone, shale, conglomerate, rhyolite, and a white granitmd 
rock of unknown age. Some of the inclusions are as much as 
four feet long but most of them measure only a fraction of an 
inch in length. Here, again, the overlying, less-contaminated 
'porphyry appears to be domed over the breccia, though the 
^posures are not quite sufficient to make this certain. 

Inclusions, — Some of the larger inclusions have been 
described in connection with the geological relations of the 
l^arphyry, as have the masses of intrusion breccia. However, 
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inclusions are by no means confined either to these occurrences 
or to the border zones of the porphyry but are found in great 
profusion almost everywhere in the mass. They exhibit a great 
range in size. The largest noted outside of the breccias was 
20 X 40 feet, many are as much as five feet across, but the great 
bulk of them are between a small fraction of an inch and an inch 
in diameter. They are so abundant in nearly all exposures that 
a normal hand specimen oomimonly shows at least one and may 
show half a dojzen such inclusions on its surface. This is true 
not only near observed contacts where inclusions are commonly 
more abundant than elsewhere, but also far from any known 
contacts ; for example, along the west slopes of the Tombstone 
Hills, and east of BrookHne, half a mile or more from the 
nearest outcrops of country rock. In many places .the inclu- 
sions are so numerous that the porphyry verges on a breccia. 

In the areas west of the San Pedro, most of the inclusions 
are andesite and quartz latite of the Bronco volcamcs, though 
sandstone, shale, and mudstone derived from the Bisbee forma- 
tion are also abundant and a few fragments of granitic rock 
occur. In the areas east of the nver, the volcanics and Bisbee 
rocks are abundant, but quartzite, dolomite, and limestone of 
Paleozoic age and the pre-Cambrian Pinal schist can also be 
recognized, along with fragments of granitic rock of the same 
type as that found west of the river. The granitic inclusions 
seem more abundant east of the river than west of it. Near the 
contacts there is a definite tendency for the inclusions of the 
adjacent rock to pr^onderate, but even here there are many 
representatives of other formations. 

Most of the inclusions are angular and show abrupt bound- 
aries with the porphyry matrix, but a few are round and in 
hand specimen appear to blend with the porphyry. Most of 
tdie inclusions of shale or mudstone are more or less altered to 
hornfels but the alteration of other rocks is far less conspicuous. 
Microscopic study shows, however, that many of the andesite 
inclusions have undergone slight alteration and, especially, 
mechanical disruption. 

As mentioned in an earlier paragraph, the inclusions are 
generally more abundant near the contacts than elsewhere, 
though this is not invariably true. Locally such aggregations 
of inclusions reach extreme proportions and preponderate 
greatly over the matrix, and form bands that are notably dif- 
ferent from the main mass of the porphyry. At the south end 
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of the hills southeast of Brookline such a layer of inclusion- 
rich porphyry is well developed at the base of the upper of 
the two sills there exposed. Here the upper part of the sill 
is eroded away and the topmost exposures are of normal Uncle 
Sam porphyry that contains many small inclusions. Toward 
the base the number and size of the inclusions increases and 
a layer about thirty feet thick consists of perhaps 10 per cent 
of inclusions. This layer weathers into peculiar nodular out- 
crops. The nodules range from a few inches to about 3 feet 
in diameter, and the center of each is an inclusion. Most of 
these inclusions are subrounded or subangular and consist of 
hornblende felsophyric andesite like that which underlies the 
sill. Around each of the inclusions, which range in size from 
an inch or so up to about a foot in diameter, the porphyry has 
a finer selvage and apparently has been quenched. The sphe- 
roidal weathering is in part a reflection of the smoothly-flowing 
curves of the flow-structure of the porphyry matrix, but this 
can hardly account for the closure of the spheroidal surfaces 
revealed by the nearly perfectly spheroidal form of the weath- 
ered boulders. The round forms emphasized by the weathering 
look like piles of cannonballs or coarse, rounded boulders and 
cobbles. See Plate 1, Pigs. 1 and 2, Plate 2, Pig. 1. This 
layer grades downward rather abruptly into a layer that con- 
sists overwhelmingly of inclusions — seemingly as much as 60 
per cent — and in which the strongly flow-streaked porphyry 
matrix hardly suffices to separate the inclusions but merely fills 
the interstices between them. The base of this zone is the 
base of the sill, and the contact with the underlying andesite 
breccia (Bronco) dips gently westward in approximate con- 
formity with the bedding of the volcanic breccia. 

Bands of similar “cannon-balls” occur at several other places 
in the hills southeast of Brookline. At one other locality such 
a band lies at the basal contact of a porphyry sill (in the 
north center of sec. 30, T. 20 S., R. 21 E.), but in several 
other localities in secs. 18 and 19 of the same township the 
nodular-weathering bands are definitely not at the base of the 
sill, though they may be near the top, which has been eroded 
away. 

Petrography. — The Uncle Sam porphyry is gray to pinkish 
gray on fresh fractures but weathers to buff and rusty brown 
hues. The phenocrysts are inconspicuous on weathered sur- 
faces, but crystals of plagioclase, biotate, and subordinate horn- 
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blende range from about 1 mm. ta about 8 mm. in length. 
Quartz generally fo'rms somewhat smaller and fewer pheno- 
crysts. The groundmass is aphanitic and near the contacts is 
commonly glassy. Still more surprising, in view of the consid- 
erable bulk of the intrusive mass, is the occurrence of only 
partly devitrified facies hundreds of feet away from any exposed 
contacts. The inclusions, which are so abundant as almost to 
be characteristic of the mass, have been mentioned in the pre- 
ceding section. They commonly have megascopically abrupt 
boundaries against the porphyry matrix, though there are some 
that appear to blend into the porphyry and in many places 
there are dark clots in the porphyry that suggest more com- 
pletely digested inclusions. The -microscope shows, however, 
that these apparently blending contacts are chiefly due to the 
mechanical strewing out of included material and not to reac- 
tion with 'the magma. 

Under the microscope, the commonest facies of the porph 5 '^ry 
I's seen to contain phenocrysts of plagioclase, quartz, biotite, 
and hornblende, in a groundmass of quartz, orthoclase, plagio- 
clase and biotite, or in a glassy base. A few -specimens contain 
orthoclase phenocrysits also. These are cryptoperthitic or 
definitely perthitic. Commonly the plagioclase is zoned from 
about An 43 Ang^, but there are exceptional phenocrysts 
whose cores are near Ausq. Among the inclusion-rich rocks 
there are notable variations from these compositions, as is dis- 
cussed in a -subsequent paragraph. Quartz is generally 
embayed but some of it has modified rhombohedral forms. A 
few specimens of those studied contain no quartz phenocrysts. 
The biotite is of the normal brown variety, but much of it has 
been altered to chlorite. Hornblende is present in but few of the 
specimens examined though perhaps half of them contain chlo- 
rite that is pseudomorphous after it. In the fresh specimens 
the hornblende is of the common green variety, with extinction 
angles of 17-18 degrees. A notable feature of the porphyry 
is the fracture (and -strewing out of the resulting fragments) 
of a large proportion of the phenocrysts. 

The groundmass ranges from vitric to microcrystalHne, with 
a maximum gram size of about .04 mm., though more usually 
the groundmass crystals do not exceed .01 mm. Some speci- 
mens collected at points hundreds of feet from exposed contacts 
are partly glassy, and contain micro-spherulites of orthoclase. 
Where determinable, the groundmass plagioclase is near to Augo 
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in composition and is contained, along with chlorite or biotite, 
in an intergrowth of orthodase and quartz or glass. 

Accessory minerals include magnetite, apatite, zircon, and 
sphene, but much of the sphene is an alteration product derived 
from biotite and presumable ilmenite. A few specimens contain 
rosettes of tourmaline, dichroic m greenish brown and brown. 
Many of the specimens are mildly altered, with sericite, epidote, 
and albite developed in the plagioclase crystals, and the mafic 
minerals altered to chlorite. Calcite is also present in some 
of the rocks. 

The above descriptions apply to most of the Uncle Sam por- 
phyry, which, as mentioned previously, generally contains 
abundant inclusions. In the small samples of the normal facies 
afforded by thin sections but few of these inclusions were seen. 
For this reason, several specimens from parts of the mass unusu- 
ally rich in inclusions were selected for study. Several of these 
came from the Tombstone Hills but most were from the hills 
west of the San Pedro southeast of Brookline. 

Most of the inclusions studied under the microscope show 
sharp boundaries against the porphyry and there is little or no 
sign of reaction between magma and inclusions. A cloudiness 
due to an indeterminable fine black dust in many of the feld- 
spars is the only sign of alteration of the minerals of the 
inclusions. In view of the fact that most of the groundmass 
of the porphyry is either glassy or very finely crystalline, lack 
of strong reaction is not surprising. Nevertheless, there is 
evidence that the mechanical inclusion of the foreign rocks and 
the strewing out of fragments from them has resulted in a 
considerable local variation in the composition of the porphyry. 
The inclusions of andesitic material, probably chiefly derived 
from the adjacent Bronco volcanics, are especially noteworthy 
in this regard. In several rocks containing such inclusions 
small fragments apparently derived from larger ones can be 
seen arranged in flow patterns, away from the larger ones and 
thus represent a stage in the scattering of xenocrysts through 
the porphyry. In order ito investigate this aspect of the petrol- 
ogy and evaluate the extent of the contamination, the plagio- 
clase of the porphyry was especially studied. 

Specimens of the porphyry that contain relatively few inclu- 
sions (none seen in the particular thin sections studied) show 
rather remarkably constant compositions of the plagioclase. 
^Aif mentioned above, few crystals have cores more anorthitic 
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than An^s, and Ango was the extreme noted. In eleven of these 
rocks the range was only from Augg to Angg. These determi- 
nations were made by immersion methods and examination of 
thin sections by ordinary methods. For study of the appar- 
ently contaminated rocks it seemed desirable to resort to a 
method by which the composition of an individual crystal could 
be determined and several such specimens were examined by 
universal-stage methods. The zonal method of Rittmann, as 
presented by Chudoba (1932), was used in most of the determi- 
nations, but resort was had to- the more precise though labori- 
ous methods of Nikitin (1936), for grains not favorably ori- 
ented for the more rapid determination. The results of this 
work on individual plagioclase crystals are summarized in the 
following table. 


Anorthite content of individual feldspar grams of the Uncle Sam Porphyry. 


Specimen 

No. 


Mean 

(ind.) 

Mean 

(por.) 


125 

255 

266 


260 


261A 

261D 

283 

286 

287 

82 h 

35 

h 

50 

i 


30 i 


60 

g 

82 

g 

89 g 

86g 

33g 

82 h 

37 

h 

50 

i 


31 i 


52 

g 

32Pg 

40 i 

88g 

36 g 

82 h 

87 

h 

52 

i 

80 

-22zi 


62 

g 

86 

g 

40g 

38g 

85 g 

82 h 

37 

h 

62 

i 

87 

- 8zi 

64- 

-42zg 

88 

g 

40g 

88g- 

86 g 

38 h 

87 

h 

54 

i 

25* 4 i 


65 

g 

88 

g 

40* 6 i 

89 g 

87 g 

86h 

88 

h 

65 

i 

87 

-20s!1 


58 

g 

46 

i 

40*5 i 

40g 

38g 

37 h 

88 

h 

66 

i 

47 

- 8zi 


68 

g 

65 

i 

41 i 

40g 

89 g 


88 

h 

56-45zi 


36 g 


60 

g 

66 

i 

41 g 

40g 



88ih 




86 g 

66- 

-56zg 

66 

i 

48g 

50 g 



89 

h 




88g 


67 

g 

56 

i 


60 g 



48 

fa 




38g 

70- 

-60zg 

58 

i 


A 


- 

7 


62 



27 


- 


66 


40 

- 

- 

82 

38 





37 


67 


85 


40 

41 

36 


z, ^oned crystal; i, crystal definitely part of an inclusion; g, crystal in 
glassy base; h, crystal in holocrystalline groundmass. 


Of the above (specimens, Nos. 125 and 255 contain no identi- 
fiable inclusions ; No-. 256 is an andesite inclusion in the fock 
of No. 255 ; No. 260 is porphyry with a glassy groundmass 
that contains an inclusion of granitoid rock, the feldspars of 
which have the compositions indicated ; 261 A is largely devitri- 
fied andesite in fragments separated by stringers of highly 
fluidal glass, containing feldspars essentially identical with 
those of the andesite, and interpreted as xenocrysts freed from 
the inclusion ; 261D, which is part of the same intrusion breccia 
as 261A, consists of andesite inclusions in more abundant 



658 James Gittulff — Emplacement of the Uncle Sam 

glassy porphyry; No. 283 is glassy porphyry containing inclu- 
sions of quartz latite (Bronco?) ; Nos. 286 and 287 contain 
inclusions chiefly of shale, and no feldspars are identifiable in 
the inclusions. It is somewhat surprising to find that the feld- 
spars in the glassy matrix of No. 261A are wholly those of 
the andesite inclusion, for, aside from tins specimen, the plagio- 
clase of the porphyry, even in glassy facies, is more albitic. 
Accordingly, one would expect some of the indigenous feldspar 
of a composition near An 4 o- 3 o to be intermingled with the xeno- 
crysts derived from the andesite, especially as such feldspars 
are found in the neighboring specimen, No. 261D. Possibly 
the absence of these primary feldspars from the narrow glassy 
seams that separate the fragments of andesite in this specimen 
is due to the constricted passages between the fragments, which 
perhaps strained out the larger fddspars in the porphyry 
magma. This explanation seems a bit far-fetched, but no other 
occurs to me. 

It IS perhaps significant that all the specimens listed in the 
table are glassy except for Nos. 125 and 255. The constancy 
of the composition of the feldspars of these glassy rocks — rang- 
, ing between An 43 and Aug^ — is such as to make it seem likdy 
that the two crystals in No. 286 with anorthite content of 50 
per cent are xenocrysts from inclusions of andesite, some of 
which were seen in the neighboring rock. If so, the few crystals 
seen in the porphyry elsewhere, which have cores as calcic as 
Ango, are probably to 'be similarly interpreted. In these other 
rocks in which the groundmass is more largely crystalline, there 
should have been better opportunity for reaction between xeno- 
crysts and magma than in the glassy facies, with correspond- 
ingly more chance for zoning around the nuclei of any xeno- 
crysts that might be present. This, of course, is not a necessary 
interpretation of these more calcic cores, for the natural evolu- 
tion of the magma would lead from more anorthitic to more 
albitic feldspars, and these cores may record an earlier intra- 
telluric stage in the history of the magma. The uniformity of 
the feldspars in so many specimens, however, suggests that the 
porphyry magma was rather uniform as emplaced and hence 
that these more calcic cores may not represent intratelluric 
feldspars but xenocrysts, a suggestion that is fortified by their 
sporadic distribution. 

Chemical composition. — The following chemical analyses of 
the Uncle Sam porphyry have been made: 
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Chemical analyses and norms of the Unde Sam Porphyry. 


Anal 

1 

2 

8 

4 

Norm 

1 

2 

8 

4 

SiOa 

66.59 

68.16 

68.04 

67.60 

Q 

23.88 

25.98 

24.60 

24,72 

AlgOs 

16.77 

16.07 

15.82 

16.22 

or 

22.24 

21.13 

19.46 

21.13 

FCaOa 

1.94 

1.75 

2.84 

2 01 

ab 

30.92 

31.96 

83 54 

31.96 

FeO 

1.26 

1.15 

.84 

1.08 

an 

12.51 

11.96 

16J29 

13.62 

MgO 

1.04 

.90 

.80 

.91 

C 

2,14 

1.63 

.10 

1.12 

CaO 

2.86 

2.61 

8.26 

2 91 

fen 

2.60 

220 

2.00 

230 

NaaO 

3.66 

8.79 

393 

3 79 






KaO 

3.77 

8.64 

3.82 

8.58 

(fs 

.26 

.13 

. 

, 

HaO+ 

.98 

1.01 

.77 

92 

mag 

2 78 

2.55 

1.86 

2 55 

HaO- 

.21 

.25 

.37 

28 

il 

76 

.76 

.76 

76 

TiOa 

38 

.48 

.42 

.41 

hem 


• • • 

.96 

32 

P.Oa 

26 

16 

16 

.19 

ap 

67 

84 

.84 

81 

MnO 

.11 

.11 

.07 

.10 






ZrOo 

n.d. 

n.d. 

none 

. . 






CO, 

n.d. 

n.d. 

.14 

. . . 

S3Tnbo'l: 





S 

n.d. 

n.d. 

tr 

. . 

P,4i2,S(4) 1, 4, 2(3), (3)4 

NiO 

n.d. 

n.d. 

none 

. . . 


1, 4, 2, 8 (4) 

F, 4, 2", 3(4) 

BaO 

nd. 

n d. 

06 

. . 






SrO 

n d. 

nd. 

01 

. . 






LiaO 

n.d. 

nd. 

tr 

. . 






Cu 

nd. 

n.d. 

tr 

. . 






Zn 

n.d. 

n.d. 

none 

, 







99 83 100.03 100.24. 100.00 

1. (Lee C. Peckj analyst) Porphyry from a point about 1600 feet NE of 
Bronco Hill, in sec. 7, T. 21 S., R. 22 E. 

2. (Lee C. Peck, analyst) Porphyry from southernmost exposure on west 
side of San Pedro River, in sec. 26, T 20 S , R. 20 E. 

3. (R. C. Wells, analyst) Porphyry from a point 2ys miles west of 
Tombstone and % mile east of The Dome (Butler, Wilson and Rasor). 

4. Mean of analyses 1, 2 and 3. 

In view of the fact that each of the two specimens (1 and 2) 
collected for the present study .contains abundant inclusions 
of shale and granite, respectively, the differences in chemical 
composition are surprisingly trivial. Evaluation of the quan- 
titative contamination of the quartz-latite magma would be 
merely guess-work because of the small silica variation shown, 
and it has not been attempted. The determinable rocks in the 
inclusions .are of such diverse composition — ranging from 
quartzite to limy shale and from granite to andesite — ^that it 
w^ould be practically impossible to obtain a quantitative deter- 
mination of the extent of contamination in any event. It is 
perhaps noteworthy that in the area southeast of Brookline, 
where the exposed wall rocks are andesite, there are abundant 
inclusions of both granite and quartz latite (resembling the 

Aar JoiTR Sci. — 243, No. 12, DECcaisER, 1915 
47 
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quartz latite of the Bronco volcanics which 4sefwhere overlies 
the bulk of the andesite of that formation). 

Internal structural features of the porphyry. — ^Despite the 
abundance of inclusions and the prominence of biotite in the 
Uncle Sam porphyry, flow structures are only locally conspicu- 
ous and in many places are impossible to discover despite care- 
ful examination. The orientations of such sitructures as were 
observed are shown on Text Fig. 3 ; more careful and systematic 
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Pig. 3. Structural features of the Uncle Sam porphyry. 


i examination than was possible during this study might give 
considerable additional data, but it seems clear from the widely 
, variant attitudes shown that the structural trends recorded by 
the-foliation and by the alignment of inclusions do not corre- 
s;^ond very closely to the contacts of the mass. This conclu- 
sion was reached also by Ingerson (1989), after a more inten- 
sive study of the northeastern part of the mass in the Tomb- 
stone Hills. He stated that, “A glance at the projection shows 
that there is no significant preferred orientation of the platy 
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in<;lusions. Even near the contacts there is slight tendency for 
inclusions to lie paraUldi to the contact surfaces, there being 
only 5 out of 21 inclusions measured near contacts that are 
within 20° of parallel to the contact surfaces. Two of the 
inclusions stand almost normal to the contacts and two others 
make angles of over 60°, the average being 40 °.” He also 
pointed out that the joints measured in the same part of the 
intrusive are more or less randomly oriented as to azimuth but 
that a majority dip at steep angles. Whether the scarcity of 
low-dipping joints is real or due to difficulties of measurement 
on gentle slopes is difficult to decide, but as Ingerson correctly 
points out, the available information on the joints does not 
indicate any relation to a shallow floor. It might be added 
that the area studied by Ingerson includes that near the State 
of Maine mine, in which both surface exposures and mine work- 
ings strongly suggest that the floor lies at a rather shallow 
depth. From this it may be concluded that such features as 
joints and inclusions are not, in this area, reliable clues to 
either the proximity or attitude of the contacts. 

In the hills southeast of Brookline the zones of inclusion-rich 
porphyry are rather closely parallel to the exposed contacts 
and this also is the impression given in the area of the intru- 
sive breccias north of the Babocomari River. In this portion 
of the intrusive, accordingly, a siU-like form is suggested both 
by internal structures and contacts. 

Emplacement of the Uncle Sam porphyry. — The wide area 
of younger rocks that separates the main exposures of the 
porphyry on the two sides of the San Pedro River prevents 
any decision as to whether these exposures form parts of a* 
■single large body or of separate masses. Even if the exposures 
west of the river belong to a separate intrusive, however, the 
problem of the emplacement of the porphyry is only slightly 
less puzzling: the emplacement under cover — even a shallow 
cover — of a body of igneous rock several hundred and perhaps 
more than a thousand feet thick and at least three miles in 
diameter does not normally yield a microcrystalline to vitro- 
phyric rock. How so large a mass could be so quickly quenched 
is difficult to understand. 

That the magma was within its crystallization range when 
it was emplaced is clear from the similarity in both size and 
composition of the phenocrysts in the glassy facies with those 
in the more largely crystalline phases. The considerable frac- 
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turing of both inclusions a-nd phenocrysts also suggests a high 
viscosity of the magma. How so highly viscous a magma could 
incorporate so large a proportion of inclusions and distribute 
them more or less uniformly through its mass is also difficult 
to comprehend, as the possibility of turbulent flow seems remote. 
These anomalous features of the Uncle Sam porphyry are prob- 
ably connected with its mode of emplacement. It may be 
recalled that the northeast contact of the main mass in the 
Tombstone Hills is locally formed by a wide zone of overturned 
and brecciated beds belonging to the Bisbee formation and the 
Naco limestone, in which the Naco rests in part upon over- 
turned beds of the Bisbee. The Naco is thrust over the Bisbee 
on a clean-cut fault at the north end of the Tombstone Hills 
north of The Three Brothers. The contact along this side of 
the porphyry dips southwestward beneath the intrusive and 
Bisbee beds are penetrated beneath it in the State of Maine 
mine. These relations suggest that the porphyry here occupies 
a thrust plane ; unfortunately not enough of the other contacts 
are to be seen to establish whether or not this is a general rela- 
tion. It is clear that the intrusion of the porphyry did not 
itself cause the overturning of these beds because the intrusive 
is not itself deformed nor does it have systematic flow struc- 
tures related to the contacts. This is also the conclusion of 
Ingerson. Additional evidence that the intrusive is younger 
than the major deformation of the region is furnished by the 
dike of Uncle Sam porphyry that occupies, with frozen con- 
tacts, one of the major normal faults of the Tombstone district 
just west of Ajax Hill. This fault is younger than most, if 
not all, of the folding in this area. Accordingly, it seems 
reasonable to attribute the relations just discussed to the occu- 
pation of a 'low-angle, west-dipping thrust fault by the 
porphyry. 

If this is true, it seems that the innumerable fragments incor- 
porated in the porphyry need not be attributed to stoping — 
which would be decidedly unlikely for a magma so near consoli- 
dation iteraperature at the time of emplacement — ^nor to abra- 
sion of the walls of the conduit. The fragments may reason- 
ably be regarded as breccia along the thrust fault, already 
comminuted and ready for engulfmeut when the magma occu- 
pied the fault space. 

It is by no means intended to imply that the porphyry is 
limited to a thrust surface. At many places between the' 
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Tombstone-Charkston road and Ajax Hill the porphyry forms 
irregular dikes and sills and consequently cannot have been gov- 
erned in detail by a pre-existing fault pattern. Similarly, near 
Bronco Hill and north of Lewis Springs the assumption of fault 
control would be gratuitous. However, in neither of these 
localities are the inclusions sO‘ abundant as they are in the 
main mass, and at least in the southern localities the ground- 
mass of the porphyry is more coarsely crystalline than in the 
average of the main mass. Unfortunately, the possible signifi- 
cance of this feature w'as not realized at the time of the field 
work and collections were not sufficiently extensive to warrant 
any statement as to details of crystalHmty of the minor masses 
west of Ajax Hill. 

The abundance of inclusions of andesite of the Bronco vol- 
canics suggests that the fault breccias postulated as the source 
of the other inclusions were younger than the Bronco. This 
lb not certain, though, for flow and tuff breccias make up much 
of the Bronco volcanics. The diversity of the inclusions may 
perhaps equally well result from incorporation of pre-Bronco 
thrust breccias and of pyroclastic andesite (Bronco) deposited 
on them. Thus, even if the suggestion here offered is correct, 
i.e., that many of the inclusions represent thrust breccia frag- 
ments — it does not prove that the thrusts are younger than the 
Bronco volcanics. It would be reasoning in a circle to cite the 
abundant andesite fragments as evidence of a post-Bronco 
thrust, however consonant with such an interpretation they 
may be. 

In the hills west of the San Pedro, contacts with pre-por- 
phyry rocks are even fewer than m the Tombstone Hills. That 
the intrusive is more or less sheet-like seems indicated by the 
local relations at the most southerly outcrops, but farther 
north no contacts with older rocks are found except northwest 
of Fairbank where the exposures are poor, and far to the north- 
west, near Boquillas. Near Boquillas the porphyry is gen- 
erally sili-like, though it sends out a dike for several hundred 
feet into the upper member of the Naco limestone, which is 
here the country rock. There is no suggestion of fault control 
of the intrusive in this northernmost exposure; although the 
intrusive breccias east of Brookline do not necessarily imply 
that the porphyry has here incorporated a thrust breccia, they 
are certainly compatible with such an interpretation. The 
strong suggestion of a sheet-like form of the breccia and the 
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apparent conformity of the structure of the porphyry above 
the largest of these masses, together with the intimate jumbling 
of blocks of very diverse stratigraphic position, all fit very well 
with the view that the porphyry here, also, occupies a thrust 
plane. That such an assumption is compatible with the geo- 
logic history of the region is pointed out in the paragraphs 
dealing with the structure of the area, though there is no 
direct evidence, owing to the overlap of younger formiations, 
that the thrust faults occur west of the San Pedro River. 

A sheet-like form for the larger bodies of Uncle Sam por- 
phyry seems an almost necessary corollary of its fine grain and 
even vitrophyric texture. If this sheet-like form is conditioned 
by a pre-existing fault surface or by several of them, a reason- 
able explanation 'is afforded for the high content of inclusions 
of diverse origins. The possibility immediately arises that the 
inclnsions may have contributed to the quick chilling of the 
intrusion. Although this would almost surely have been their 
qualitative effect, the quantity of incorporated material hardly 
seems adequate to accomplish very drastic chilling. Their 
quantitative effect is discussed in the following paragraphs. 

In order to evaluate the temperature effect of the inclusions 
on the magm'a, certain -assumptions are necessary. These 
include estimates of the proportions of the inclusions, of the 
specific heat of inclusions and magma, and of the original 
temperatures of inclusions and magma at the time of the incor- 
poration. In view of all the uncertainties involved, only esti- 
mates can be made for any of these factors. It is here assumed 
that the specific heat of both magma and inclusions is the same 
(Daly, 1933).® The temperature of the inclusions at the time 
of thar incorporation in the magma can only be guessed at, 
but if they were picked up near the final resting place of the 
magma, they were probably not at great depth — perhaps 3000 
feet — and with a normal thermal gradient of 1“ C. per 100 
feet, would have had a temperature not far from 50° C. The 
temperature of the magma may be assumed as 700°, within 
the crystallization range of quartz latite magm-a as estimated 
hy Larseai (1929). These assumptions thus postulate a tem- 
perature difference between magma -and inclusions at the time 
of their immersion, of 650°. Inasmuch -as the specific heats of 

•Daly’s figures differ slightly for vitreous and solid phases and the 
specific heats of both are functions of temperature, but as a rough approxi- 
■"ifetion, identical specific heats may be assumed without serious error. 
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the two can be reg^arded as the same, the final temperature of 
the mixture would be related to their initial temperatures 
inversely as the masses of the material invplved. 

Let X !be the temperature increment of the inclusions, y the 
temperature decrement of the magma. Then, if the inclusions 
amount to 3 per cent of the final mixture, 

s + y=650 

The solution of these equations gives y = 19.5° as the temper- 
ature drop in the magma as a result of the chilling ejffect of 
the inclusions. If the inclusions are assumed to amount to 5 
per cent of the final rock — an improbably high figure for the 
mass as a whole — the magma would be cooled 32.6° by their 
incorporation. 

Although these calculations are very rough, and based upon 
assumptions that may be considerably in error, it seems unlikely 
that the chilling effect of any reasonable amount of inclusions 
could have exceeded 60° C. and probably was not more than 
half that. Little is known of the rates of crystallization of 
the rock-forming minerals and their variation with temperature, 
and it may be that a rapid chilling of this seemingly moderate 
amount might suffice to preserve the g’lassy or extremely fine- 
grained groundmass that characterizes the porphyry. How- 
ever, it seems that this would only be true if the magma as 
intruded were also unusual in some other respect. The unusual 
character most likely to have contributed in this way is poverty 
in fluxes, a poverty that is consistent with the insignificant 
chemical reaction of the inclusions with the magma and with 
the slight contact alteration of the country rocks. Accord- 
ingly, it is concluded that the unusually fine gram of the 
groundmass of the Uncle Sam porphyry may be in part a 
result of the incorporation of the unusual amount of inclusions 
but that this was probably combined with poverty in volatiles 
also. 
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THE CHALICOTHERES AS A BIOLOGICAL 

TYPE. 


A. BORISSIAJK. 

Teanslated by I. P. Tolmachoep. 

E xtinct animals occur m the strata of the earth’s crust 
only as skeletons, often fragmentary. The restoration 
of an animal on the basis of such remains is a difficult task 
requiring great erudition in the student. It is still more difficult 
to write the history of the group to which the animal belonged, 
and the difficulty increases in proportion to the differences of 
the extinct animal from animals still living. Extinct ammals 
with skeletons very unlike those of recent animals are often a 
real enigma. 

For a long time when only limb bones of Chalicotherkim were 
known, the animal was placed among Edentata because its pow- 
erful claws suggest those of a sloth. When other parts of the 
skeleton were found, CJuMcotlierium was placed among the 
Ungulata in the Penssodactyla, although it differed from all 
other fossil and living Ungulata [then known] in having claws, 
not hoofs. 

Holland and Peterson (1913) in their monograph bring 
together a complete list of literature on chalicotheres for the 
period of 1825-1913. Their detailed quotations give a good 
idea of previous knowledge of this group of animals. In fol- 
lowing years the Chalicotherioidea continued to be studied 
chiefly by Americans (e.g. Matthew, 1929; Colbert, 1935a, b). 
Russian literature on Chalicotherioidea is very small in amount 
for until lately only a few chalicothere bones had been found in 
Russia. Quite recently, however, the bones of chalicotheres 
have been found in large numbers in the Tertiary deposits of 
the Golodnaya Steppe in Southern Kazakhstan. Here the 
Lower and Upper Tertiary strata are separated by a layer of 
conglomerate with abundant bones and teeth of mammals. The 
great majority of these bones belong to a large chalicothere. 
It has been possible to assemble an almost complete although 
composite skeleton, to study its elements in detail, and to come 
to conclusions about the habits of the animal and its phylo- 
genetic relations (Bonssiak, in press). 
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In the skeleton of chalicotheres (Fig. I), striking features 
are the rather long neck, the small skull, the comparatively 
long and thin fore limhs, and the short, massive hind limbs. 
The feet were digitigrade and the replacement of hoofs by claws 
was especially well developed on the fore limbs. 

In some species of chalicotheres the skull is long and low 
(like the skull of the horse), but in other species it is short, 
reseiubling, in these instances, the skull of a bear. The skull 



Fig, 1. Restored skeleton of PhyUatUUm hetyahdatemia (Flerov) from 
the Tertiary of the Golodnaya Steppe. 

has characters of primitive Perissodactyla (tapirs, early tita- 
notheres) but also a few characters known only in chalicotheres 
(e,g. two deep impressions on the sides of the presphenoid). 
The structure of the cervical section of the vertebral column 
w^ very peculiar. It was rather long and at the same time 
very massive, especially in comparison with the small skull. 
Tihe vertebral centra were reduced relative to the well developed, 
flattened neural arches, which bore strong zygapophyses. Such 
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a structure shows that the dorsal muscles of the neck were very 
strong in comparison with the relatively weak ventral muscles — 
relations opposite to those observed in typical Perissodactyia. 

The structure of the fore limbs, particularly of the manus, 
was very peculiar and unlike that known in any other mammals. 
In the most specialized forms, only three of the four digits 
articulated with the carpus, the fourth and smallest digit being 
joined to the proximal part of the neighboring digit. The 
chalicothere carpus was low, with a small, narrow os magnum. 
The last character distinguishes chalicotheres from horses, the 
os magnum of which is large, low, and flat, but in this respect 
chalicotheres are closer to titanotheres. The articulation of 
the carpus with the fore arm was a transverse arc which per- 



Fig. 2. The second digit of the menus of PhyllotQlon betpakdalensis 
(Flerov). 

mitted considerable swinging of the manus to both sides. Artic- 
ulation of carpus with metacarpus w’as very abrupt. On the 
anterior side of the distal bones of the carpus and on the proxi- 
mal ends of the metapodials there are rugose swellings for the 
attachment of strong extensors, while in penssodactyls and in 
mammals in general limb flexors are usually more strongly 
developed than extensors, A walking or running animal pushes 
itself from the ground by flexing its limbs while extensors are 
used only to bring the limbs to a new place ahead, which is much 
easier work. The anterior muscles of the chalicothere scapula 
were also stronger than the posterior. The anterior faces of 
the metacarpals were evenly convex in all directions, as in some 
Carnivores. The structure of the phalanges was particularly 
remarkable (Fig. 2). The second digit was stronger than the 
others (absence of tridactylism) . The metacarpal facet of its 
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first phalanx was not on the proximal end, 'but had moved to 
the anterior (or dorsal) face of the bone. In other digits this 
displacement was not so great ; the facets here only cut off the 
anterior edge of the proximal end of phalanges. In other 
words, the metacarpal and first phalanx of the second digit 
were joined together at a right angle, not in a straight line. 
The first and second phalanges were often coossified. The 
ungual phalanx, again, met the second phalanx at a right angle. 
In this way was constructed a strong, flat, triangular claw with 
only slight movements in its parts. The whole digit was bent 
twice at right angles, forming a very strong hook. This struc- 
ture was similar in the other digits but not so well developed as 
in the second. Separate segments of digits were only slightly 
movable but the digits as a whole had a wide movement owing 
to the spherical shape of the distal ends of tlie metacarpals. 

The hind feet had in general the same structure but it was 
no-t so well developed as in the fore feet : the metatarsals had no 
distal swellings ; the distal facets were not all spherical in shape ; 
etc. The feet were tridactyl with a long middle digit, the meta- 
tarsals were more or less shortened, and the whole specialization 
of the phalanges was less advanced than in the fore feet. The 
hind feet were more massive than the fore feet ; the calcaneum 
was low ; the astragalus was straight-sided and almost without 
a neck; etc. On the w’hole, this is a rare case in which the 
specialization of fore and hind limbs has gone in different 
directions. 

As in all animals, one group of anatomical characters 
changed constantly as the result of growing specialization in 
adaptation to the environment, while other inherited characters 
did not change and were common to all chalicotheres. The 
latter show the systematic position of the animals and in this 
case demonstrate that the closest relationship of the^ chali- 
cotheres is with the titanotheres. 

This relationship is particularly shown by the structure of 
the teeth of chalicotheres, which is similar to that of early and 
primitive titanotheres in which the upper molar crowns still 
had transverse lophs connecting the ectoloph with the lingual 
tubercles (protocone and hypocone) . In the later titanotheres, 
the upper molars lost their transverse lophs. In chalicotheres 
the upper molars remained the same with surprising conserva- 
tiveness. The only difference between the earlier and later 
forms is that the molars were more hypsodont in the latter. In 
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their shape tile teeth of chalicotheres represent the best devel- 
oped browsing type. They were not good for hard grasses, 
much less for food with remnants of soil, such as bulbs, etc., 
but were exclusively adapted for soft leaves and branches. 
The cutting sides of the upper and lower molars worked like 
sharp scissors, while the strong inner tuhercules were for grind- 
ing branches and leaves. The structure of the skull was also 
very similar to that of the early hornless titanotheres, although 
horns were so typical for the later titanotheres. In the skele- 
ton there are also a great many characters suggestive of titano- 
theres. In spite of the great specialization of the cervical sec- 
tion of the vertebral column of chalicotheres, the atlas had 
exactly the same shape as in titanotheres. There is a great 
similarity in the structure of scapula, humerus, radius, and 
ulna. The structure of carpus and manus is particularly stnk- 
mg. The small, narrow but high magnum, the very peculiar 
scaphoid with a small, downwardly directed projection, the 
abrupt articulation of the phalanges with the carpus, the 
dilated proximal end of the ulna, the arcuate articulation 
between the fore arm and the manus — all these characters leave 
no doubt as to the relationship of the two groups, but weigh 
against any connection with horses, with which chalicotheres 
have occasionally been compared because of a certain similarity 
in the shape of their skulls. (In some restorations, chalico- 
theres were pictured with horse-like heads and long, curly 
manes.) The femur had a symmetrical vertical trochlea for 
the patella. There were also a great many resemblances in the 
bones of the tarsus. In general the chalicothere pes was more 
like the titanotheres than was the manus, as a result of the 
greater specialization of the fore limbs than of the hind limbs 
in chalicotheres. For example, the pes was typically tridactyl 
while tridactyhsm was lost in the manus. 

The close relationship of chalicotheres with the early mem- 
bers of the titanothere family gives us an example of the appli- 
cation of Cope’s law according to which the origin of a new 
group is usually from the less specialized forms of the old 
group. 

We pass now to consideration of the characters of the skele- 
ton of chalicotheres dependent on adaptation to their living 
conditions. New characters in the structure of the skeleton 
did not, of course, become fully developed at once. They are 
rather little developed in the Eocene chalicotheres of America 
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and Asia. Even an the Oiigocene forms of Europe and Asia 
they are still not completely expressed. 

What were the laving conditions that produced such a pecu- 
liar structure of the chalicothere skeleton? From the very 
beginning of the study of chalicotheres many attempts were 
made to answer this question. The structure of the feet was 
explained, for example, as an adaptation to digging, to climb- 
ing on trees, to catching tree branches in order to bend them 
to the ground, etc. (Abel, 1920 ; Gaudry, 1867 ; Koenigswald, 
1932 ; Matthew, 1929 ; and others). Some of these idea®, often 
mutually exclusive, have been abandoned but a few are still 
accepted. 

We have already seen that the neck and fore limbs of chali- 
cotheres had a different structure from typical ungulates. In 
the neck the strongest muscles were dorsal, which shows that 
the animal pulled the head and neck upwards and backwards 
more often than down to the ground. In the fore feet extensors 
were stronger than flexors, which tells us that the fore feet were 
used less for walking than for some other work. This brings 
us to the conclusion that the normal position of the animal 
was standing on its hind feet while using the fore feet for cling- 
ing to the bark of trees when feeding on leaves and tender 
branches (Fig. 3). The recent goat climbs in this way when 
hunting after the leaves of large trees. Lifting the fore limbs 
for such climbing uses the extensors of the whole fore limb from 
the manus to the scapula. During feeding the head was moved 
backwards to pick up leaves distant from the trunk of the tree. 
The small size of the head was favorable for this operation of 
the neck. Chalicotheres did not embrace the tree trunk with 
their fore limbs but, in a manner of speaking, walked on the 
trunk. The manus was particularly well adapted for such 
“walking.” The claw of the second digit was a strong hook 
which was driven into the bark of the tree more deeply as more 
pressure was' placed on it.^ Other digits helped the second 
very effectively, as each of them could change its place on the 
trunk with ease. Strong extensors not only , raised the manus 
, but also made it very stable. The -arcuate articulation between 
the fore arm and the carpus made side movements of the whole 
manus very easy when the animal was looking for the best place 
on trunk, 

‘ This principle is used in hooks or hangers that are driven into a wall 
and support considerable weights. 
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Fig. 8, The posture of the skeleton of PhyllotiUon betpakdalemU 
(Merov) when the animal 'was feeding. 

and these were therefore constructed like the feet o^f heayy 
animals and were much heavier than the fore feet. In the forms 
of later geological age, the hind feet can be compared with the 
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feet of mastodons for massiveness. The astragalus was flat- 
tened and moved on the cuboid, the metatarsals were shortened, 
and the foot was less specialized than the manus. The claws 
were not so strong and tridactylism was well developed, while 
in the manus this development was hindered by the structure of 
the second digit. 

Such is the biological type of the chalicotheres as disclosed 
by the study of their skeletons. This type arose as an adapta- 
tion to the environment. This adaptation is of a different 
degree in chalicotheres of different geological ages, becoming 
greater and greater with time. 

It has been mentioned in the literature that the biological 
type of the chalicotheres resembles that of the giraffes. The 
specialization of the two animals was, however, in different 
directions. The whole skeleton of the giraffe was specialized 
for feeding on the leaves on the top of trees and did not pro- 
gress any further. When the chalicotheres had their fore limbs 
on the ground, as they certainly sometimes did, they would 
become normal ungulates. Giraffes live in African savannas 
with scattered groups of trees. Chalicotheres apparently 
dwelt in dense forests where they had good protection and no 
competition because of their high adaptation to this environ- 
ment. Chalicotheres survived through the whole Tertiary and 
died out only after that period in spite of their generally primi- 
tive inherited organization. Titanotheres, from which chali- 
cotheres arose, had already become extinct in the Oligocene 
when there appeared the (better adapted) rhinoceroses. 

The problem of the study of fossils is primarily a morpho- 
ecological analysis of the fossil skeleton. This analysis enables 
one to distinguish the rather stable inherited characters from 
those that were the result of adaptation to the environment. 
The latter characters permit reconstruction of the biological 
type of an animal and understanding of its ecological relations. 
This work is, however, only a preparation for another import- 
ant task of the paleontologist — discovery of the phylogenetic 
relations of the given form. This can be done by the compara- 
tive study of restored representatives of the group. Such a 
study permits determination of the phylogenetic relationships 
of each form in reference to the other representatives of the 
group, in other words discovery of the place of each form in 
a common genealogical tree. 

The peculiar specialization of the chalicotheres developed 
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gradually. The various representatives of this gro'Up, about 
twenty forms altogether of different geological ages, show dif- 
ferent degrees of specialization, which was greater in the fonnis 
of later epochs, altho'Ugh we cannot establish an uninterrupted 
line with gradual modification. On the contrary, practically 
every form shows some peculiarities comprehension of which is 
rather difficult, chiefly because the material for study in most 
cases IS very fragmentary. Among these peculiarities is the 
striking fact that the molar crowns are subquadrate in a few 
forms but elongated in others. Classification of chalicotheres 
has generally been based on this character. There have been 
attempts to bring these variations in the molars into correlation 
with differences in the structure of the skeletons. Relatively 
few skeletons are known, however, and associations with the 
teeth have been only occasionally established. New materials 
from the Tertiary of the Golodnaya Steppe have showed, how- 
ever, that all Old World forms are very similar to each other 
in skeletal istructure, whether the molar crowns are short or 
long. On the other hand. North American forms with long 
molar crowns, like those of some Asiatic and European forms, 
have skeletons of quite different type. 

It is possible to think of the chalicotheres, after their separa- 
tion from the titanotheres in the Eocene, as developing further 
into two separate lines, one in the Old World, and one in the 
New. Each line developed a number of branches. In Europe 
there evolved two well defined branches distinguished by the 
structure of their molars. This is all we positively know on 
the basis of the present material. Undoubtedly the history of 
the chalicotheres "was much more complicated. A few observa- 
tions demonstrate that there were subbranches, more especially 
in the beginning of ohalicothere history, which became extinct 
ivithout leaving any descendants. The genealogical tree of the 
chalicotheres is composed of several branches, the number of 
which will increase with discovery of new materials Each 
branch of the genealogical tree of the chalicotheres represents 
a distinct direction of their evolution. The place of every form 
of chalicothere in this tree depends, first, on its pertinence to 
one or the other of the two main lines (according to which 
direction of evolution is typical for this form) and, second, on 
the degree of specialization. Direction and degree of speciali- 

Am. Joxm Sex — ^VoL. 243, No. 12, Decshber, 1945. 
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zatioHj like mathematical coordinates, determine the exact 
place of each form on the corresponding branch. To illustrate 
these statements we shall bring together information about the 
best known species of chalicotheres. 

The most ancient representative of the Chalicotherioidea is 
Eomoropus amaronmf from the Middle Eocene of Northern 
America (Osborn, 1913). It was an animal of about the size 


North America Eurasia 



Pig 4. Phylogenetic scheme of the Chalicotherioidea. 

1, Bomo^ropui, B, PhyllotUlon. 8, Postschiaotlienum, 

2, Morofus. 6, MetaaoMzothermn. 9, Ohdliootheriim. 

3, Cfrangeria. 7, Awsylothermm. 10, JSfestorUherium. 

4, ScJiizotheriwn, 

of the sheep with only insignificant specialization: the cervical 
vertdbra did not show noticeable alterations but the meta- 
carpals had already changed typically for tlie group in their 
general shape and joint structure, although they did not yet 
have callous swellings on the anterior side of the proximal ends. 
The specialization of the hind feet was still less advanced. 
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Froini the Asiatic Eocene isolated teeth are known a^bout 
which, it is not possible to say anything definite. They might 
belong to Eomoropus or to some new genus. At the end of 
Eocene in Mongolia lived Grcmgeria, a very peculiar form in 
the structure of its dental apparatus and limbs. Grcmgeria 
represented an early and short-lived side branch of chali- 
cotheres. 

In the Oligocene the European line is represented by several 
poorly known species of ScMsoihermm, still small animals. A 
few forms {S. modicvm) had long molar crowns. The separa- 
tion of the Chalicotherioidea into those with short and those 
with long molars had thus begun at this time. 

At the end of the Oligocene or beginning of the Miocene in 
Middle and Southern Asia there lived large chalicotheres with 
long molars belonging to the genus PhyllotULon (Pilgrim, 
1912). To this genus belongs P. betpakdoLeneis (See Boris- 
siak, in press; Flerov, 1938), from the Golodnaya Steppe. 
Owing to the abundant material it is one of the best known 
chalicotheres. The specialized structure of the skeleton of 
P. betpcdeddlemis has already been described above. A few 
bones of S. turgoAcim from the Middle Miocene of Turgai show 
remarkable similarity to the bones from the Golodnaya Steppe, 
but belong to an animal of a smaller size. In this case we have 
forms of the same branch but with different degrees of speciali- 
zation determining their respective places on the branch. 
Another species of PJiyllatUlon lived simultaneously in the valley 
of the Indus River (Pilgrim, 1912) . 

In the Miocene also, but a little later than PhyUatUlon bet- 
pakd,alemiSf there lived in North America Moropus elatus (see 
Holland and Peterson, 1913), a species with long molars very 
similar to those of PhyUatUlo<n and similar also in degree of 
specialization, but different in the structure of various parts 
of the skeleton. Moropus is a representative of the American 
chalicothere line. 

In the Miocene of Europe lived Macrotherimrii known from 
fairly complete fossil remains. Macrothermm represents the 
short-molar branch of Eurasiatic chalicotheres. In spite of its 
short molars, Macrotherkm was closer in skeletal structure to 
PJiyllatiUon than to the American Maropm with its long teeth. 
Macrotherkm and PhyllotiUon thus belonged to the same Euro- 
pean trunk although to different branches. 

In the Pliocene both branches of the European trunk were 
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represented by the largest species of chalicotheres. The form 
with long teeth is Awylotherivm found in the Pikenni Fauna 
of Greece (Gaudry, 1867). Its hind limbs resemble the limbs 
of a mastodon in massiveness. The Quaternary representative, 
P&stschvsatJiermm, of the same trunk had very strongly devel- 
oped hypsodont teeth. The branch with short molars was also 
represented in the Pliocene and Quaternary by big animals. 

Such is the history of the chalicotheres as far as it can be 
represented at the present time. Remains of chalicotheres are 
still very scarce and it is therefore impossible to make a com- 
plete genealogical tree with all branches and subbranches. 
Altogether we know about fifteen forms which can be placed 
at different points along a few branches. The task of the 
paleontologist is to find the position of thesfe points on the 
branches ©■n the basis of the coordinates as worked out above, 
and in this way to establis'h the phylogenetic relationships of 
the known forms. 

We have, however, no basis for connecting these points by 
lines. This would give the idea of the direct descent of one 
form from another, which as a rule cannot be proved. In only 
one case is it possible to show with certainty the pertinence of 
two forms of different specialization to the same branch. This 
refers to ScM%Qtherkm twrgmcvm and PhyUotULon betpak- 
dalemis. This does not mean, however, that one of these forms 
developed directly from the other and that the twO' can be con- 
nected by a straight line. We prefer to represent the branches 
as elongated leaves, on which are shown the different forms of 
chalicotheres according to their mutual relationships. 

The study of chalicotheres shows us what paleontology can 
do for the history of the organic world. We can establish 
the ecological characters of animals and reconstruct the whole 
animals. The study of the genera of chalicotheres permits 
establishment of their phylogenetic relations. 

Fossil remains are not complete and paleontology alone can- 
not decipher the complete history of animals and plants. It 
needs support from the other biological sciences dealing with 
recent organisms. But since paleontology alone has all the 
historical data, its conclusions check the deductions of other 
hd'oloj^cal sciences. 

Paleontology has not, however, said its last word. It still 
lags behind other biological sciences. Not only before but 
even since Darwin it bas usually been in the service of geology. 
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whioh has always made special demands for paleontological 
data. Only now are the possibilities of paleontology for the 
elucidation of many biological problems becoming clear. In 
the achievement of independence from geology and in becoming 
a great biological science, Soviet paleontology occupies a 
leading position. 
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ISTEOTYPES. 

GEORGE GAYLORJ> SIMPSON. 

ABSTRACT. Proposed by Cossmann 3n 1896, the term and concept “neo- 
type” All a real need, especially in paleontology, but they have not been 
well defined or brought into harmony with modern taxonomic methods. 
Among various uses in the literature, most consider a neotype as a specific 
basis and standard substituted for a lost type, or sometimes substituted 
for an unidentifiable type. It is proposed to define neotypes as substitute 
name-bearers, with no other use or justification m taxonomy. The most 
important condition making a neotype advisable is not loss of a type, 
but inability (for any reason) to place a type in one and only one specific 
hypodigm. Other general conditions are that the neotype should be exactly 
identifiable, that it should be impossible to demonstrate that type and 
neotype belong in different hypodigms, and that the use of a neotype 
should, in each case, promote stability of nomenclature 


INTEODUCTION. 

E very active taxonomist has encountered cases in which 
the type of a species does not satisfactorily perform the 
functions O'f such types, whatever the individual worker may 
conceive these functions to he. The natural impulse in such 
cases is to turn to other specimens and to relegate to them the 
duties for w'hic'h the type fails. Whether or not they are for- 
mally designated as such, substitute types thus tend to enter 
into taxonomy. This is particularly likely to occur in fields 
like paleontology, particularly vertebrate paleontology in 
which much taxonomic work must he based on relatively frag- 
mentary parts of animals, but it oan happen in any branch of 
zoology or botany. This practical need has led to the defini- 
tion and use of neotypes, which are substitute types proposed 
for certain purposes and under certain conditions. 

There is, however, no general understanding as to exactly 
what purposes neotypes are to serve and what conditions permit 
their use. The International Rules do not discuss type speci- 
mens and say nothing of neotypes, either permissive or pro- 
hibitive. There is no accepted code for specific types, only a 
body of usage and precedent that is frequently vague and 
nowhere more so than as regards neotypes. Authoritative 
definitions of neotypes do not entirely agree and are inadequate. 
Moreover all take for granted that neotypes, like other sorts of 
types in a broad sense, are in some way the basis for species, 
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materials on "wliidh species are mainly founded, defined, and 
compared, in contrast with, other specimens also belonging to 
the species. I have elsew'here pointed out that this assumption 
is not acceptable in modem taxonomy, and there suggested that 
the neotype concept also requires revision from this point of 
view (Simpson, 1940, 424). The present paper is a discus- 
sion of this concept and a proposal for its revision and mod- 
ernization. 


PREVIOUS USAGE. 

The history and the usage of neotypes are best indicated b^' 
citation of their original proposal and of a few subsequent 
definitions iby recognized authorities. 

Neotypes (“neo-types”) were first proposed by Cossmann 
(1896, 2-4). He remarked that he first wrote “post-type” 
but abandoned this word because of its hybrid origin (Latin- 
Greek). Two quite different and, from a later point of view, 
conflicting definitions were given. The first applies to type 
species of genera, is invalid under the present International 
Rules, was later abandoned by Cossmann himself, and has no 
present significance or interest. Cossmann’s second definition 
(or discussion, not formally a definition) applies to type speci- 
mens of species and is pertinent to the present subject* 

“Comme le type d’une esp^ce est un dchantiUon unique, qui a 
servi de modMe a la description et a la figure de cette esp^ce, il 
ne peut y avoir d’utilit^ a le remplacer par un n6o-type, que si 
cet original a 6te detruit ou a disparu pour une raison quel- 
conque; mais encore faut-il, pour qu’on puisse admettre cette 
substitution, qu’il soit bien demontre que le nouvel echantillon 
rcpresente absolument la forme typique que I’auteur avait en 
vue quand il a cr4e I’espece, quelque defectueuse ou insuffisante 
que soit la figure qu’il en a donnee : on n’a gufere cette garantie 
que si ce nouvel 4chantdllon provient de la m^me localite, exacte- 
ment au mSme niveau, surtout s’il fait partie de la mSme r^colte, 
quelquefois si c’est un 4chantillon meilleur, montrant mieux les 
caracteres specifiques, par suite de son etat de conservation.” 

Schuchert and Buckman (1905, 900) wrote: 

^^Neotype ... A specimen identified with an already described 
and named species, selected to be the standard of reference in 
cases when the proterotypes are lost, destroyed or too imper- 
fect for determination, such specimen being from the same 
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locality and horizon as the holotype or lectot3rpe of the original 
species.” The words “or too imperfect for determination” consti- 
tute an emendation of Cossmann’s usage and Sclmchert (1905, 
13-14) still more explicitly pointed out the nature of this emen- 
dation and the necessity for it in dealing with fossil vertebrates 
and plants. He then defined a neotype as *‘a supplementary 
type selected by an author, on which a species is to rest because 
of the loss of the original type or where the original material 
still extant is so poor or fragmentary that from it the charac- 
ters of the species cannot be determined with certainty.” 

Howell (1929, 219), gave this definition: ^^Neotype . — 
specimen selected to take the place of an original type of a 
species or subspecies tehen the original type has been lost. A 
neotype may be either a neoholofype or a neocotype.'^^ On an 
earlier page of the same committee report (218) the pref- 
erable (because not hybrid) term “neosyntype” appears, and 
Plummer & Howell (1932, 266) later proposed the term “neo- 
paratype.” Granting acceptance of the neotype concept and 
its definition in any form, the meaning of these and of a large 
numiber of other possible combinations with “neo-” are obvious 
and they are not further discussed in this paper. I believe all 
of them, except neotype itself, to be quite unnecessary and 
unjustified at the present time. 

Frizzell (1933, 668), gave an exhaustive review of type 
terminology, including this statement : **Neotype . . . — a later 
selected type of a species necessitated by loss of the original 
type material ; the neotype must come from the original local- 
ity. Although ‘neotype’ is preoccupied^ its usage seems so well 
understood that less confusion would result from the continua- 
tion of the term than from its rejection.” 

Schenk and McMasters (1936, 7 and 8) defined a “neotype” 
as "a specimen selected to replace the holotype, in case all type 
material of a species is lost or destroyed.” Since these authors 
use type in the broadest sense and not as synonymous with 
“holotype,” the expression “all type material” in this definition 
would seem to make the requirement that all Identified specimens 

1 Frizzell does not state the grounds for preoccupation. I cannot find 
'any use of the term before 1896, and Cossmann’s usage for generic types 
c^not; preoccupy that for specific types. They were published at the 
same time and were considered by Cossmann to be different applications of 
IJie same concept, Cossmann later restricted the definition to indude only 
specific types, an emendation Sudi as is common in scientific terminology 
imd cano^ he taken to invalidate the term. ' 
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must be lost before a neotype is selected, which probably wais 
not intended. “Primary type materia?’ is meant, as is clear 
from brief discussion on the next page. It is not clear, how- 
ever, whether these authors are suggesting that a neotype is to 
be selected only in the absence of any primary type or whether 
paratypes are excepted. In the former case, their usage is an 
important emendation; in the latter case, it agrees with Howell. 

Type specimens are nowhere discussed in the International 
Rules of Zoological Nomenclature and such “rules” regarding 
them as are published in various commentaries and opinions 
do not have legal force. As far as the International Rules are 
concerned, it is not even required that a species should have a 
t3pe. This is, of course, universally accepted and required 
outside the Rules and is included in some of the opinions of the 
International Commission, but (as far as I can find) without 
amounting to an explicit amendment of the Rules to that effect. 
The most pertinent opinion of the Commission, as far as neo- 
types are concerned, is No. 126 (1936) which includes this 
statement : “If the diagnosis is held to be inadequate, the pub- 
lication of the name will not prevent any author from subse- 
quent description and establishment under the same name of 
the same species (as recognized from the holotype, if any) ; 
further, if the holoitype be wanting or undecipherable, subse- 
quent description and estabhsbment under the same name of a 
species from the same locality and horizon is permissible. In 
both these cases the date for purposes of priority shall be the 
later date, and if the later author (say Brown) is not the same 
as the earlier author (say Green) then the name shall be quoted 
as ‘Brown ex Green.’ If, however, the holotype attached from 
the beginning to the earlier use of the name with inadequate 
diagnosis he clearly of a different species from the holotype 
attached to the later use, then the later use is a homonym as 
defined in Article 36 and is to be rejected.” This Opinion was 
adopted by unanimous vote of 14 Commissioners, 5 abstaining 
but none dissenting. One member, (Stone), concurring in the 
Opinion as a whole, commented that the passage quoted above 
“is so far reaching that it should he definitely embodied in the 
Rules rather than be considered in an opinion on a single case.” 

This opinion essentially validates the neotype procedure in 
its most radical form, not only for cases of loss of the type but 
also when the type is Icnown but unidentifiable. Its approach 
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is diiferent, since it apparently assumes that the later author 
is for nomenclatural purposes creating a new species or specific 
name with a new type (“holotype”) and that the identity of 
name with an older published name does not create homonymy 
because the name is not shown to be applied to a different 
species. This somewhat tortuous legal reasoning seems to be 
rather beside the point, and most authors would prefer to 
distinguish the two types clearly, one as type (or “holotype”) 
and one as neotype. The important poinit is that this opinion 
provides authority for the procedure without specifically pro- 
hibiting the terminology here, and I think generally, preferred.® 

In 1935 Frizzell and Wheeler outlined a case in which appli- 
cation of the ncotype procedure would be considered legitimate 
by almost anyone who admits the procedure at all, and they 
proposed submission of the case with the request to authorize 
neotypes to the International Commission. The pertinent 
Opinion No. 126 had not then been published and was evidently 
unknown to Frizzell and Wheeler. As far as I can learn, no 
opinion has yet been given in the case submitted by them. In 
any ease, the real situation is that the Commission has no power 
either to authorize or to reject neotypes. 

DEFINITION. 

In the quotations given above and in the literature generally, 
neotypes are defined as much by the author’s opinion as to why 
and when they are to be used as by a statement as to wlml: 
they are. It may clarify discussiion if these three factors are 
considered separately, first defining the general concept of neo- 
types, then considering their purpose and finally the conditions 
under which they are desirable or warranted. 

In the old inclusive sense (to which I do not now suhscrihe) 

® This provision of authority is important, as involving a well-considered 
opinion widely recognized and available to all, and it may quiet qualms 
as to following a procedure not specifically included in the Rules. The 
legal position, under these Rules, is nevertheless equivocal since m them- 
selves they do not authorize the Commission to diange the Rules or, as 
here, to supplement them. The Commission is authorized only to suspend 
the Rules in given cases. Thus (as Stone pointed out) the generalization 
included in Opinion 126 (like various others in the Opinions) does not in 
any way become part of the Rules, and it is not binding on those who 
follow tile Rules. For this reason it is still correct that the Rules have no 
bearing, one way or the other, on* the neotype procedure, which is extra- 
legal and remains subject to personal opinion, agreelicnent, and consensus. 
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types are customarily divided into primary and secondary. 
Primary types are used in the original proposal of a species 
and are basic for it. Secondary types are used in subsequent 
study to supplement knowledge of a species. As the term has 
always been used, and despite marked differences in other 
respects, a neotype does not strictly belong to either category: 
it is in some sense basic, like a primary type, but it is subse- 
quent to the original publication, like a secondary type. It 
is not one of the original types, but it is intended more as a 
substitute than a supplement. Avoiding disputed questions as 
to purpose and permissibility, the following definition includes 
aU previous uses of the term : 

Neotype . — A specimen explicitly designated in a publication 
subsequent to the original publication of a named species or 
subspecies and proposed as a substitute for the original type 
or types. 


PTinPOSE. 

Published statements are sddom explicit as to the purpose 
of neotypes, but some purpose is always implicit and is usually 
considered by the author to be self-evident. In previous usage 
two dijfiferent and sometimes conflicting general purposes have 
been involved: to provide a better basis and standard of com- 
parison for a species the type of which is not available or is 
inadequate, and to fix the meaning of a name attached to a type 
that, for some reason, is not exactly identifiable. 

Cossraann’s original proposal says nothing as to purpose, 
but he apparently had more in mind the first of these two pur- 
poses. He says that it must be well demonstrated that the 
neotype represents absolutely the typical form that the author 
had in mind when he created the species, i.e., that it is cer- 
tainly of the same species (or subspecies) as the type. 
Obviously this condition can never be met if there is serious 
doubt as to the identification of the type. As originally pro- 
posed, then, a neotype was intended mainly as a standard of 
comparison replacing the original standard. It was not con- 
sidered necessary for it to be more exactly identifiable than the 
type, as is further shown by Cossmann’s statement that it may 
sometimes (and hence does not always) show the specific charac- 
ters better than does the type. 

This is historically the original use of the terra “neotype,” 
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but there has been a tendency to change the primary purpose. 
Thu^ by including the situation where the type is too imperfect 
for determination among the conditions for proposal of neo- 
types, Schuchert and Buckman introduced a new idea as to 
purpose : to make a species definable when it was not so on the 
basis of the original type material. Few later workers have 
explicitly stated tlhis purpose, but it is evident that many of 
them have had it in mind. 

The difficulties and confusion involved in this mixed concept 
of the purposes of types in general have been discussed else- 
where (Simpson, 1940). It is there pointed out that types in 
the usual sense do not well or properly serve as bases for species 
or as standards of comparison and it is proposed to restrict the 
type concept to specimens used solely as name-bearers. 

These considerations apply with full force to neotypes and 
the result of the multiple purposes involved in previous usage 
is that no purpose is adequately served. It seems desirable to 
restrict neotypes to some one purpose. Although he does not 
mention neotypes, the proposal by Troxell (1921, 475-476) 
of 'the term **protype” is essentially such a redefinition of the 
neotype concept. A protype excludes the purpose of substitute 
name-bearing. Indeed Troxell suggests that a prot3rpe bear a 
specific name different from that attached to the type that it 
supplants, a proposal so contrary to taxonomic rules and pro- 
-cedure that it has never been adopted, even by Troxell, him- 
self. The term protype was intended 'to apply to a relatively 
complete specimen of a species previously known only from a 
fragment. If a neotype were considered only as a new and 
better basis for definition and comparison, “neotype and “pro- 
type” would be essentially synonymous terms. A relatively 
good specimen used to redefine a species could then be desig- 
nated a neotype, regardless of the availability or identifiability 
of the type. This would be one of two permissible restrictions 
and redefinitions of neotypes, a usage that is historically just 
as valid as the other and that has occasionally been adopted 
without explicit redefinition, 

* If, however, this definition were adopted, neotypes would be 
restricted to a purpose previously assigned to types but one 
that, they cannot serve in good modem taxonomy. It is pro- 
posed to deny all such purpose to types and to discard all type 
k terms and concepts that are useful only from this point of view. 
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Neotypes would then be discarded along with hypotypes, holo- 
paralectotypes, homoeotypes, ideotypes, and dozens of others. 
Since protypes are essentially neotypes restricted in this way, 
it follows that they have no place among modern type concepts 
and terminology. 

The other possible restriction of neotypes is to exclude all 
thought of basis for d.efinition or comparison and to retain the 
idea of substitute name-bearing. This is a proper type concept, 
as I now understand it, and would make neotypes acceptable in 
nomenclatural procedure. Such restriction is admittedly a 
radical emendation of Cossmann’s original proposal and of 
current usage, but it is a logical development, the only alter- 
native to which would be the unnecessary and undesirable pro- 
posal of a new term for neot3rpes in this restricted sense. 

The following definition from the point of view of purpose 
IS therefore proposed : 

Neotype. — A. specimen attached to a previously published 
specific or subspecific name to serve as its name-bearer in sub- 
stitution for the type. 

PERMISSIBILITY AND ADVISABILITY. 

All previous definitions of neotypes have included some state- 
ment of the conditions under which their use was proposed or 
of opinion as to their permissibility. The conditions originally 
set by Cossmann were ; ' 

1. The type is destroyed or has disappeared. 

2. The neotype represents absolutely the same typical form 
as the type, and in further guarantee of this : 

a. It comes from the same locality and exactly the 
same level. 

b. Preferably [but not necessarily] it was collected 
at the same time, 

3. Sometimes [not necessarily] the neotype is a better 
specimen than the type, sO' preserved as to show the 
specific characters more clearly. 

Later authors usually make no requirement that the neotype 
be demonstrably of aibsolutriy the same form (species or sub- 
species) as the type, because they often imply that the type is 
not exactly identifiable, but they do almost invariably insist 
that there be some probability that they are the same form and 
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therefore require some comimunity of origin. The destruction 
or loss of the type is always recognized as permitting the desig- 
nation of a neotype, and it is always taken for granted, 
although seldom stated, that the neotype must be exactly iden- 
tifiable, as a corollary of whidh it is usually implied although 
not set as a condition that it should be a more complete speci- 
men than the type. Later authors also frequently imply but 
seldom state the condition that the type is not exactly identifi- 
able. This may be for later authors 'but was not for Coss- 
mann the primary idea back of the condition of loss of the type. 
Schuchert and Buckman added the alternative, a logical 
development of this idea, that neotypes may also be proposed 
when the type is not lost but is unidentifiable. 

Several of the most recent definitions make no condition 
except that the type be lost. Thus for Schenk and McMasters 
(1936, 8) this situation . is not merely permissive but also 
compulsive: “When the original type material of a species is 
lost, the reviser of the species should choose a neotype.” 

The definition of neotypes here proposed makes all these 
various sets of conditions unsatisfactory, since all are either 
inadequate or, from this newer point of view, illogical. The 
following seem to me to be the general conditions under which 
neotypes, as substitute name-bearers, are useful and may 
properly be proposed : 

1. The type or all the syntypes of a species or subspecies 
cannot be placed with reasonable probability in one and only 
one hypodigm.® 

2. A specimen available as neotype can be placed in one 
and only one hypodigm. 

3. There is no known reason why type and neotype should 
not belong to one hypodigm and no reasonable possibility that 
they can be shown to belong to different hypodigms. 

4. The proposal of a neotype will promote stability and 
clarity of nomenclature. 

Each of these conditions involves certain secondary and lim- 
iting considerations to be briefly discussed. 

1. When a type was considered primarily as a standard of 
comparison it was reasonable to feel that its loss, regardless 
of other circumstances, warranted setting up a substitute 
standard. It was also logical on this basis, although some 

*Term defined in Simpson (1940, 418). 
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students who- accepted these premises did net accept this con- 
clusion, that an imperfect type, limited as a means of com- 
parison, should he supplanted hy one relatively perfect and 
oifenng a wider basis for comparison. If, however, a type 
is only a name-ibearer, its loss or its imperfection have no direct 
bearing on the desirability of a substitute. Then a neotype 
is needed only if the loss or imperfections prevent the adequate 
functioning of the type as a name-bearer, which is not neces- 
sarily the case. On the other hand, even a relatively good t3^e 
and one that is not lost may occasionally break down as a 
name-bearer and need replacement by a neotype. 

Available descriptions, records, illustrations, or reproduc- 
tions of a lost type may be and usually are sufficient to place it 
in one hypodigm. If this is true, the type, although lost, is 
still a sufficient name-bearer and no neotype is needed or justi- 
fied. It is universally assumed that loss or destruction of a 
type specimen does not mean that it ceases to be the type. 
But it may happen that knowledge of a lost type is inadequate 
or that the type, itself, is inadequate to obtain the data diag- 
nostic of a single current hypodigm, and then the substitution 
of a neotype may be useful. It can even happen, especially 
for recent subspecies, that a perfect specimen is not exactly 
placeable unless its precise origin is known, and then the 
absence of adequate field data may warrant designation of a 
neotype for which such data are available. 

2. Obviously a neotype serves no purpose unless it is 
exactly identifiable. The need for neotypes arises when subse- 
quent discovery reveals closely allied species that are distin- 
guished by characters not then observable in the type. In 
proposing a neotype, it is therefore important as far as pos- 
sible to guard against the rise of the same situation with 
regard to it, necessitating its own replacement by a second 
neotype. No one has enough prescience to guard against this 
with complete certainty, but a safe general rule is to require 
that a neotype show most or all of the characters customarily 
used in the taxonomy of its group and of allied groups. Like 
a type, and still more stringently, a neotype should be the best 
specimen available and should have as complete field data as 
possible. 

3. If it can he demonstrated that type and neotype belong 
to one hypodigm^ a requirement explicit in Cossmann’s proposal 
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and implicit in some later work, there is no need for a neotype 
on nomenclatural grounds. Thus the propO'Sed modification 
of this requirement is negative: it must be very improbable 
or practically impossible to demonstrate that type and neotype 
belong to different hypodigms. 

The greatest danger of the neotype procedure and a reason 
for avoiding it except under certain limited conditions is that 
a type may later prove to he placeable in a hypodigm different 
from that of the neotype. Then the result of the proposal of 
the latter will have been to confuse nomenclature and render it 
unstable. This situation is most likely to arise when t 3 q)es are 
lost and later found, a history that is not uncommon. Instead 
of considering the loss of the type as the sole or essential con- 
dition for proposal of a neotype, as in most previous work, I 
therefore maintain that proposed of a neotype for a lost type 
reqmres more hesitation than if the type were not lost. Only 
with the specimen in hand or in the rare cases where it has 
surely been destroyed can a definite conclusion be reached as 
to its lack of identifiability. 

The use of a neotype invoves the philosophical conviction 
or the technical fiction that it really does belong to the same 
species or subspecies as the type. This is really only a fiction 
or even a metaphysical consideration under the proposed con- 
dition that a neotype be used only when the specific or sub- 
specific attribution of the type cannot be established. Yet tlic 
fiction is necessary and can only be maintained if there is some 
likelihood that it is in agreement with an indeterminable truth, 
a likelihood supported by insisting that the type and neotype 
have the same origin. From a more practical point of view, 
this insistence is important in reducing the risk that a type 
may turn out, after all, to be demonstrably different from its 
neotype. 

Two specimens are seldom from exactly the same locality 
or, if they are fossils, horizon. It is necessary to allow some 
latitude in this requirement for neotypes. The safe rule would 
seem to be that the known difference in provenience betw'een 
type and neotype should be less than the minimum range for 
subspecies in the group to which they belong. Some subspecies 
range horizontally for thousands of square miles or vertically 
Ihrough hundreds of feet of strata. Others are known only 
from a few square yards or from a stratum a fraction of a fdot 
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in thickness. Obviously the allowable difference in origin 
between type and neotype is quite different in the two cases. 

4. The principal reason for having types of any sort is to 
standardize and stabilize nomenclature. Sometimes neotypes 
tend to this end, and then they are needed. Sometimes they do 
not promote this aim, and then they are useless if not positively 
harmful. The neotype procedure lends itself particularly well 
to the preservation or revival of old or forgotten names. Other 
things being equal, this is not an unworthy aim, but the use of 
nomenclature for its historic value, or tO' give honor or to 
maximate egos, is properly a secondary consideration. The 
cardinal principle is to keep nomenclature as a precise, con- 
cise, and comprehensible means of recording and communicating 
taxonomic concepts. Each individual case requires separate 
judgment as to whether the proposal of a neotype is in accord 
with this principle. There are, however, a few particularly 
common general situations in which the use of neotypes is likely 
to be considered: 

A species is found and named. Later the group to which 
it belongs is found to include various different species. The 
earliest specific name is applied to one of these and the others 
receive different names. EventuaUy a reviser discovers that 
the type to which the earliest specific name is technically 
attached could, whether because of loss or of inadequacy, be 
placed about equally well in any of two or more of his specific 
hypodigms. By attaching the name to a neotype that does 
definitely belong in the hypodigm of the species currently called 
by the name, he can fix the names with generally accepted and 
understood meanings. This is surely a desirable result, and I 
know no other acceptable procedure for reaching it. The 
problem is insoluble under the International Rules and so an 
extra-legal procedure that is not illegal seems entirely justified. 
Such cases are the principal occasions for using neotypes and 
the best justification for them. 

Another common situation is one in which the earliest specific 
name, based on a poor type, is virtually forgotten and the well- 
established species of the group are all best known by other, 
later names with well identifiable types. If a reviser finds that he 
can definitely place the old type in one of his specific hypodigms, 
the Rules operate to make its name the name of the correspond- 

Am. Jotrat. Scr — ^Voi. 243, No. 12, Decembee, 1945, 
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ing species and to reduce the 'better known name to synonymy. 
Annoying as this result may be, the neotype procedure does 
not seek to alter it. 

If, however, in the same situation the old type might belong 
to any of two or more of the reviser’s hypodigms, the Rules 
offer no solution and the reviser is in a dilemma. There is no 
legal way of eliminating the old name from consideration, but 
there is no practical way of determining to what species it 
should apply. One of the new names is doubtless a technical 
synonym, but there is no means of telling vdiich name should 
thus be eliminated. If the reviser proposes a neotype, this extra- 
legal action revives the old name and removes these doubts, 
thus tending to promote stability. On the other hand without 
legal compulsion this action invalidates a name generally 
understood and in current use, in favor of one that is little 
known and in disuse, thus tending toward instability of nomen- 
clature. There is also the difficulty that the neotype procedure 
is not legally established (although not illegal), that in such a 
doubtful case many students will not be satisfied with its result, 
and that these students will feel free to ignore it, making the 
confusion worse than ever. 

Choice in this rather common and difficult situation must 
be a matter of personal judgment, I believe that the best solu- 
tion is not to designate a neotype but to clarify the nomencla- 
ture by another extra-legal expedient; to designate the old, 
ambiguous name a noToen vanwm, to refuse it any further con- 
sideration in practical nomenclature, and to use the well defin- 
able and customary names for the species that really are 
recognizable. 

Finally, a common situation may be outlined in which the 
use of a neotype would be logical under the previous concept 
(although inacceptable to most students following that con- 
cept), but is flatly rejected under the substitute name-bearer 
concept. Two species are described from fragments not com- 
parable with each other, for instance teeth in one case and 
limb bones in another. Later a complete skeleton is discovered 
and it shows that the two specific names are synonymous. If a 
nectype is a substitute specific basis and standard, this is an 
ideal situation for making the skeleton a neotype. From a 
nomenclatural point of view, however, there is neither motive 
nor justification for this. The reviser’s procedure should be 
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to unite the two formerly separate specific hypodigms into one, 
which also includes the skdeton, and to redefine the species on 
the basis of this new hypodigm (not, of course, on tiie basis 
of either of the types, nor on the basis of the skeleton) . Two 
type are included and the name for the species, represented by 
this h 3 rpodigm is whichever of these names has priority. There 
is no question of a substitute name-bearer. 

CONCLUSION. 

The need for a stabilizing procedure such as that of neotypes 
or of the similar device of Opinion 126 has been aggravated by 
recent events. It will almost certainly be found that the recent 
European holocaust has resulted in the loss or destruction 
of many type specimens. It is probable that the next few 
years of taxonomic studies will produce an unusually large 
number of cases in which the restabdlization of nomenclature 
will demand the proposal of substitutes for lost, damaged, or 
otherwise inadequate types. This probability involves some 
dangers. There may be some tendency for over-hasty and 
injudicious proposal of neotypes or analogous substitutes. It 
is even possible that some museums will try to enhance thmr 
collections by wholesale proposal from them of substitutes for 
the missing types. 

To suggest that these dangers be averted by prohibition of 
the neotype device appears to be impractical. Abandonment 
of any attempt at substitution of name-bearers for those that 
have disappeared would, in some cases at least, leave nomen- 
clature stiU more subject to personal whims and individual 
inadequacy than would the use of neotypes. There is no rapid, 
authoritative means for establishing such a prohibition and no 
means of enforcing it if it were established. The neotype pro- 
cedure has been in rather wide usage for nearly fifty years and 
is not opposed by any recognized code. 

Ideally, if neotypes are to continue in use, this should be 
sanctioned and permissible usages defined in a formal code 
adopted by group action. This is part of a larger problem 
involved in the desirable tension, clarification, and amendment 
of the existing International Rules of Zoological Nomenclature. 
Without being unduly pessimistic but only realistic, one must 
foresee that it will be many years before any revision is likely 
to be accomplished. In the meantime, a useful or necessary 
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preliminary to such revision is widespread examination and dis- 
cussion of nomenclatural problems not now adequately covered 
by the code, including restudy of the fundamental concepts of 
types and the procedures and usages concerning them. It may 
also be hoped that such discussion, with special emphasis on the 
stabilization of nomenclature as the mam pmpose of all type 
procedures, will inspire caution and will help to form a public 
opinion among taxonomists that will be the most practical 
deterrent against possible abuses of these procedures. 
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SCIENTinC INTELLIGENCE 

Physics. 

The Meaning of Belatimtg; by Albert Einstein. 136 pp. 
Princeton, N. J., 1946 (Princeton Umversity Press, $2.00). — ^This 
book is the second edition of a text published by the Princeton 
University Press in 1922 and covering four lectures delivered by 
the author at Princeton University in 1921. It differs from the first 
edition only in that it has an appendix dealing with advances in 
cosmological theory since 1921. This appendix comprises about 
one-fifth of the book 

The first edition is too well known to call for a review. It is a 
classic exposition of special and general relativity in condensed 
form, not addressed to the lay reader. 

The appendix is the important feature of the present reissue. 
Starting with a review of Einstein’s original, static solution of the 
field equations (involving the cosmological constant), the account 
indicates why this theory is no longer tenable. Its inadequacies 
are to be seen in the needless complications it introduces by postu- 
lating a static universe. This static universe is now outmoded in 
view of Hubble's expansion. Hence the way is clear for a removal 
of the older complications. From the various cosmological models 
corresponding to an expanding universe Einstein selects that of 
Friedman and describes it clearly Emphasis is given to its shortcom- 
ings, the most serious of which is the inescapable consequence that 
the universe is younger than it ghould be in the face of other evi- 
dence. Perhaps the most interesting part of the book is its concluding 
section, wherein the author discusses, with mature judgment and 
penetrating wisdom, the possible future developments which may 
resolve present dilemmas. henry margenau. 


Chemistry. 

Frontiers in Chemisiry. Vol. 4s, Major Instruments of Science 
and their Applications to Chemistry. Edited by E. E. Buck and 
Oliver Grummitt. Pp. viii, 161; many illustrations. New York, 
1946 (The Interscience Pub. Co., $3.60). — Volume IV of Fron- 
tiers in Chemistry is made up of the following contributions ; 

Lester H Germer, Electron Diffraction and The Examination 
of Surfaces. 

L. Marton, The Electron Microscope and Its Applications. 

Maurice L. Huggins, X-Eay Diffraction and Its Applications. 

Wallace E. Erode, Chemical Spectroscopy. 
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By the same author, Application of Absorption Spectra to 
Chemical Problems. 

R. Bowling Barnes, The Infrared Spectrometer and its Appli- 
cation. 

This collection should prove especially valuable to research chem- 
ists seeking means of attacking new problems. He should find here 
sufScient orientation by these well-known authorities to make easy 
many decisions as to the feasibility for a definite purpose of the 
various methods described. henry c. thomas, 

Process Equipment Design \ by Herman C. Hesse and J. Henry 
Rushton, Pp. vii, 680; many illustrations and tables. New York, 
1946 (D. Van Nostrand Co., $6.00 Text and $7.60 Trade). — ^This 
book fills a need for a soundly developed, fundamental treatise in 
this rather highly specialized field. In the opinion of the reviewer, 
the work is primarily suited for practicing chemical and mechanical 
engineers (particularly the latter) in the field of design, although 
many not in the above categories will find it a very valuable refer- 
ence. 

The volume may be divided roughly into five sections. The first 
is a review of the properties of materials (particularly steels), ele- 
mentary mechanics, and structural analysis. The second is con- 
cerned with other materials such as nonferrous metals, concrete, and 
wood. The third deals with most of the important mechanical 
aspects of process equipment including pressure vessels, piping, and 
jointing methods. The fourth revi^s power transmission by belts, 
gears, and shafts. The fifth is devoted to a few miscellaneous 
matters, among which handling equipment, trusses, special stress 
problems, and high pressure conditions may be mentioned. 

The book makes an important contribution to the proper under- 
standing of the ever-growing codes governing the fabrication of 
process equipment. One who must consult such codes infrequentily 
is often struck by their seeming arbitrariness, but in this book one 
will find the theoretical bases behind the codes well described. The 
index seemed entirely adequate. This reviewer is of the opinion that 
the title is misleading. The text goes to some pains to remind the 
reader that process equipment design is at hand, but the organiza- 
tion, viewpoint, and subject matter are all directed toward mechani- 
cal equipment design harding bliss. 


, Mineralogy, 

Minerals of Might; by William O. Hotchkiss. Pp. vii, 206; 
14 figs , 80 tables, Lancaster; Pa., 1946 (The Jaques Cattell Press, 
$2,60), — In this volume William O. Hotchkiss, President emeritus of 
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Eensselaer PolytecLnic Institute and formerly State Geologist of 
Wisoonsin, presents in highly interesting fashion the indispensable 
r61e that mineral resources play in modern civilization. The book can 
be "warmly recommended to the non-technical person who desires 
to be informed concisely, intelligibly, and authoritatively about our 
mineral resources. The enormous rate at which these resources 
are now being depleted is shown by the fact that in the past thirty 
years we have ripped from the ground as much as man has taken 
out in all previous time. “When we consider,” says Doctor Hotch- 
kiss, “the part that steel, oil, coal, aluminum, copper, lead, zinc, 
and a host of lesser minerals have played in the success of our armed 
forces in this war, it is wise to be aware of what the future holds 
for us in supply of these minerals of might.” 

The importance of mineral resources in war and peace first came 
to the fore at the close of World War I. At that time George Otis 
Smith, Director of the United States Geological Survey, published 
a volume entitled Strategy of Minerals, in which this idea was set 
forth. Much has been written since but does not appear to have 
deeply permeated the lay mind. World War II, because of the 
vastly greater mechanization of the armed forces, has enormously 
emphasized the importance of mineral resources. 

Eight chapters make up the book. They discuss the use of min- 
eral resources in war and in peace j the present sources of the 
world’s metals ; the sources and production of the mineral fuels and 
other non-metallic products ; the reserves O'f mineral resources, i. e., 
how much remains of our mineral heritage, for only two of our 
metals (magnesium and aluminum) are inexhaustible; and the 
peacetime future of mineral resources. The final chapter bears the 
rather ominous title “Mineral Resources and World War III.” 
The author is skeptical that the nations of the world have sufficient 
wisdom to be able to abolish war forever at the end of the World 
War II. Accordingly, he recommends that America build up 
immense stock piles of minerals and oil in strategic localities as 
insurance against the time when World War III breaks undeclared 
over our land. adolfh knopf. 


MlSrET.I.ANT. 

The Booh of Naturalists, An Anthology of the Best Natural His- 
tory. Edited by William Beebe. Pp. xiv; 419 . Figs. 8. NeTfi 
York, 1944 (Alfred A. Knopf, $ 8 . 60 ). — The association of the title 
and the editor’s name at once conjures up keen anticipation of com- 
ing stimulation to one who picks up this book. Himself a successful 
writer of both formal and popular science, Mr. Beebe should have 
been able to choose a satisfying group of quotations from the world’s 
literature on natural history. According to one’s own breadth of 
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reading the result must, of course, be judged. Few readers can fail 
to profit. The editor’s vivid introductions, though brief, add much 
to one’s enjoyment. 

Mr. Beebe freely admits the impossibility of doing full justice in 
a book limited to 200,000 words. Basing his selections upon the 
authors’ publication dates hy centuries, their nationalities, subject 
matter, and the geography of the subjects, he has chosen as his 
favorites among several hundred volumes certain works representing 
46 authors (Aristotle, Pliny, Theobaldus, Frederick II, Gesner, 
Leeuwenhoek, Reaumur, von Humboldt, Waterton, Audubon, 
Thoreau; Darwin, Wallace, Agassiz, T. H. Huxley, Belt, Hudson, 
Muir, Maeterlinck, Fabre, Roosevelt, J. Arthur Thomson, Wheeler, 
Levick, Burroughs, Farrer, Stefansson, Akeley, H. F. Osborn, 
Digby, Seton, Roule, Eckstein, Heard, lionides, J. S. Huxley, Chap- 
man, Haskins, Peattie, Armstrong, Klingel, Carson). He appends 
a list of 68 others “who were considered, any or all of whom might 
with propriety have been included.’’ Among these each reader is 
sure to recognize some that he would have selected. The editor 
explains that “some old favorites proved to be impossible of accep- 
tance. Otliers were subjectively absorbing, full of vital interest, 
but because of technical or beclouded diction quite inappropriate 
when judged for selective quotability. Still other authors, almost 
forgotten and of doubtful remembered value, proved more than ade- 
quate in scientific soundness and literary quality, . . . The list of 
authors as a whole could easily have been doubled and the book 
kept within limits, but this would mean unfairly short contributions 
instead of more thorough presentation of subject, permitting a 
better appraisal of personality.” 

The book appears in two parts. The first begins with the dawn 
of natural history as depicted in the cave paintings of Santander 
and Dordogne; the writings of Aristotle; then passes slowly through 
the Middle Ages and the Renaissance. Part II, of course, is intro- 
duced by Darwin’s Origin of Species. 

The “inspiration for these writings comes from interest and 
love of living animals and plants observed under natural conditions. 
Other fields of science, such as classification, anatomy, and economic 
biology, all have their distinguished exponents, but tliese are beyond 
the scope of this book.” 

An appendix of selected biographical material provides useful 
references. s. c. ball. 
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PUBLICATIONS RECENTLY RECEIVED. 

Illinois Geological Survey, Bulletins as follows: No. 51. Developments in 
Eastern Interior Basin in 1944; by A. H. Bell. No 62. Oil and Gas Devel- 
opment in Illinois in 1944; by A. H. Bell and V. Kline Urbana, 1945. 

Fortress Islands of the Pacific Their Geography and Strategic Importance; 
by W. H. Hobbs. Ann Arbor, Michigan, 1945 ( J. W. Edwards, Publisher, 
$2.50) 

Vertebrate Paleontology; by A A. S. Romer, 2ncl Edition, Chicago, 1945 
(The University of Chicago Press, $7.50). 

University of New Mexico Publications in Geology. Number One. A sur- 
vey of Weathering Processes and Products; by P. Reiche, Albuquerque, 
1946, 

Maps and Survey; by A. R. Hinks. Fifth edition, New York, 1944 (Cam- 
bridge University Press, $3.75). 

Catalytic Chemistry; by H. W. Lohse, New York, 1945 (Chemical Pub. Co., 
$8 50) 

The Life History of an American Naturalist; by F. B. Sumner. Lancaster, 
Penna., 1945 (The Jaques Cattell Press, $3 00). 

Astronomy. I The Solar System; by H N. Russell, R S. Dugan and J. Q, 
Stewart.' Revised edition. Boston, 1945 (Ginn and Co., $3.00). 

Principles of Physics III Optics; by F. W. Sears. Cambridge, Mass., 
1945 (The Addison-Wesley Press, $400). 

Washin^on Geological Survey. Report of Investigations as follows: No 18. 
Dolomite Resources of Washington. Pt. I. Supplement Preliminary 
Report on Okanogan, Lincoln, and Stevens Counties. Chemical Analyses ; 
14 Some Magnetite Deposits of Stevens and Okanogan Counties, Wash- 
ington, by W. A. Broughton. Pullman, 1945. 

Food or Famine. The Challenge of Erosion; by W. Shepard. New York, 
1945 (The Macmillan Co, $3.00). 

Table of ARCSIN X. Prepared by the Mathematical Tables Project. 
Conducted under the Sponsorship of the National Bureau of Standards. 
New York, 1946 (The Columbia Umversity Press, $3.60). 

U. S. Geological Survey. Bulletins as follows; 946-C. Beryllium and Tung- 
sten Deposits of the Iron Mountain District, Sierra and Socorro Counties, 
New Mexico; by R. H. Johns, with a section on the Beryllium Minerals; 
by J J. Glass. Price $1 26 ; 945-D. Tungsten Deposits in Beaver County, 
Utah; by S. W. Hobbs Price $65; 946-A. Manganese and Iron Deposits 
of Morro Do Urucum Mato Grosso, Brazil; by J. Van N Dorr, 2d 
Price $.75 Washington, 1945. 

Introduction to Industrial Chemistry, by W T. Frier and A C Holler. 
New York, 1945 (The McGraw-Hdl Book Co , $3.09) 

Microbes of Merit; by O. Rahn. Lancaster, Pa,, 1945 (The Jaques Cattell 
Press, $4 00) 

Mississippi Geological Survey Bulletin 60 Geology and Ground-Water 
Resources of the Coastal Area in Mississippi, by G F Brown, et al 
University, 1944 

Vapor Adsorption, by E Ledoux. Brooklyn, N Y., 1945 (The Chemical 
Pub. Corp., $8 60). 

Atomic Energj' for Military Purposes, by Henry D Smyth. Princeton, 
N J., 1945 (Princeton University Press, $1 25, cloth ed., $2 00) 

American Red Cross First Aid Textbook. Revised Edition Philadelphia, 
1945 (The Blakiston Company) 

The Pulse of the Earth; by J H. F. Umbgrove The Hague, Netherlands, 
1942 (Martinus Nijhoff N V ) 
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